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2 T. I E moſt uſeful Problems in 
Geometey, Meaſuring of Plank, 


Timber Balis, Boxes, and Tun- 
nag of Ships. 


II. Trigonometry with its application 


to the _ of Hei ghts ard Diſ- | | 


tances, acce ih e and inacceſſible. 
II. Navigation, (viz.) Plain Sailing. 
Traverſe Sailing, Mercator, Middle 


al: the ſeveral examples wrought 
Geometrically, Trigonometrically, 
by Logarithms, Arithmetically, by 
Natural Sines and Tangente, In- 
ſtrumentally, and by Tabies of La- 
titule ard Departure 


To which is e a curious 


Collection of Queſtions to, exerciſe 


all the abuve kind of Sailing, with | 


a large and correct Table uf Differ- 
ence of Latitude and De re, and 
Meridional 
Latitude and Longitude of Places. 
IV. Great Circle Sailing, with a curi- 
ous Collection of Quettions applied 
thereto, ſev>ral of which have never 


appeared in any Treatiſe of Navi- 


g2tion extant. 
Oblique Sailing, Turning to V Y 
wal, Sailing in Currents, 


| exciſe the fame. . 
| V. The Gregorian Calender, ſhewing 1 


N 
g 
Luitude, and Parallel Sailing, with | | | 


—— 
; _— 


AT1IO N; 


t N I N , 4 , 
Collection of Queſtions both eur -< | 
' ous, uſeful, and entertaining, to ex- i 


te beſt method of finding thePrime- 1 
Epact, Mo n's age, time of High 7 
Water, with a large Tide- T 
5 — iy digeſted, the manner 
orking Obfervations, the beſt 
Method of finding. the variation of 
the Comp als. 1 Journal 
in the it 2pproved method, bothin 
Merch-nt's Ships and the Royal 
Navy, alſoto correct the Dead 4 2 


8 


on' ne by 1 good Obſervation, by the 4, 
es ſieſt and beſt : proved Method, i- 
haired with full, and prac» - L 
tical examples of t ſame, together 
with al! uletul Aſtronomical T 

viv. the Sun's "Declination, 2 Table 


— 


2 5 7 


parts. Alſo a Table of 


with a |} 


With an APFENDEIX, ſliewing hon to work all the caſes in Naviga- | 
tion by the Pen Aritumeticaliy without Bucks, Tables, or * 


of Log arithms, cf Nat. andArtificial "8 


Sines and Tangents, with a eurious 
ccl:etionof Aitronomical Nora A 


| uwiekulin taking Obſervations at 
| time of the Day, oe by two Obferva- + 
| tions, and having the time between 
them, without egarding the Hour; 

6 teveral of them have rot appeared | 
in any other Author. 
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geometri 
metically and inſtrumen: ally, to which is * 
One latitude, diſtance, and differ. of longitude, being given, — | 


The PREPACE. 


7th. i 12 N 
Navigator will envious r ** 
vill produce ornamental figures for the learners book. »| 

Sth. Mercator Sailing ically tri ;elly, arih- 


tind the courſe, difference of latitude, and difference of meri- 
dian, alſo to work a Mercator traverſe; the deſeription and uſe 
of Mercator's chart; Rules for lengitude Uſo; and to make a 
chart for a particular voyage, and to prick dawn the ſeverel 
courſes on the chart. $ | 


ki 


latitude 


ing to mercator, or more properly 
3 able of the ſun's declination. A 


——— of bigk waters with » large tide 


23 12 


the Lag: in peepertim 


ded a new eaſe, via. 
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en e 


Min. 
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& | the Error is 
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ve the ſurface of 


edfirves Nr as here in 


of the ſun's — i 
ers abo 
25 | 


Feet 


Tf the heightof the Eye be * 
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44 


obſervation or to find- the latitude of the 
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another correction of the fun's obſerved altitude is re- 


reaſon of refraction of the ſun's rays of light, in their 


He 


of air ſurounding 


bel a. ha ſun, moon, 


or the 


the 


which all t 


— 
WI 


The PRE ACE. 


The angles of refraction tobe | deg. 
| allowed at the ſeveral altitudes of | 1 
x the ſun, are the horizontal re- | 2 
| fraction equal 33 minutes. 3 
N 4 
. Sun's apparent altitude in deg. 5 Refraction is 
f Henee it appears tht he bo- 8 
| rizontal refr mo eat 124 
for —— 16 
day oy Gang zenith, 23 
where it vaniſhes. | 40 
Here follows an example to make theſe deductiona plain, ſup- 
. bay y ts appr lb of +57, qury th aire of 
> its true altitude 
fn i een > 38 237» 7 
, irſt, The apparent altitude 
Height ofthe ein bre. A 
Remains —— — —— | 
4 Remains — — 8 
Remains the ſun's true altitude  ——— 38 „ 
This true Altitude taken from go 0 the remainder ie the 
zenith diſtance, 5 
tzth. Next ows a table of the fun's right aſcenſion and 


uſe of the fame, With a table of the right areenſion in time, 


: of tables of the fun and flars right af 
longitude. 
1gth, The variation of the compaſs, with all the rules for 
finding it in any latitude, either north er ſouth, and with either 


nerth or ſouth declination. Note, the ſun's true amplitude 
may be found either by the _ or this viz. As 


8. C. Lat.: 8. Sun's Radius: to the 8. Sun's 


. true 
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true amplitude, from Eaſt at ſun riſing. but from Weſt at fun 
Keting ; the reader wilt alſo find a geometrical conſtruction of 
the figure for the variation. 


"15th, The y Navigater is here preſented with general 
rules for keeping a Journal, the Log. book, Leeway and varia- 


tion, how to account for them and how to try a currant, viz. | 


to find its direQion and velocity, the approved method to find 
which (as hascommoaly been practiſed) in voyages to America, 
er Weſt Indeas, &c. is this, 


When there is a ſmooth ſea and not much wind, hoiſt out 


boat and take into it three or four men, with a compaſs, a 
line, and a large log. and half minute glaſs; alſo a quoil or 


two of inch rope (when you are a little from the ſnip) which 


faſten to the bool of a large iron pot, then caſt over board the 
letting it fink at leaſt 100 or 120 fathoms, (the more the 


your log and turn your half minut* glafs, as you do in the ſhip 
to find her diſtance run, and as you veer out the log line, ſet the 
drift of the log by the compaſs; fo you will know whether 


there be any currant or not, and if any, how it ſets aud its ve- 

_ Jocity, As ſuppoſe you find the curran t ſets call, at the rate of 

one and a half, in half a minute, that its current motion is 
| eaſt 36 miles in 24 hours; but you muſt obſerve, 


It, Te allow the variation of the compaſs by the rules here 


After given. 


ad. If the rope be 80 fathems allow one quarter part, if 100 
fathom one fifth part, &c. of the drift of the currant more for 
the drift of the boat; for though the boat ſeems to lie ſtill, yet 
ſhe is found by experience to drive at the fame time. Ha 


ring 
dy the experiment ſound the quantity and quality of the currant, 
the ſhip's true motion may be obtained by the problems in cur. 


doch. Rules for correcting the dead reckoning 


land 


) then belaying the rope about the boats ſbem, it will 
bring her up, and her ride as if at anchor ; then heave 


y an obſerva- = 
tion, with rules to find the meridian diſtance, all which rules 
_ xe carefully exemplified in u voyage from Start Point, in Eng- 


E Warr nnn 


995 eee eee N 


tions 


aſternoon. Allo, by havia the ſun's declination, altitude, and 
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the Iland Madiera, in which I have difcovertd ſeveral 
— En HRS. 


19th. The N is preſented with twenty-five curious 
queſtions,'whoſe — are not to be found in any author yt 
3 the 8 curious. 


18th, Oblique Trig ; the three other axioms of ob- 

lique e angled - triangles, aud the fix cafes thereon ding, 

rumen geometrically , trigonometrically, arithmetically, and 

* to which i is added ſeveral curious and uſeful 

blems, ſhewing the uſe of obliqued plain triangles, in taking 

— and —— acceſſible and 2 — from two 
Bations takes at pleaſure. 


T Oblique Sailin „ 
3 657 — — a- 
— — with turning to windward, failing in cur- 
rants, turning to windward in currants ; with a collection of 
3 to cancels 


20th, Great Circle failing, — elite thi; 
applied thereto, ſeveral of which have never appeared in 


any treatiſe of Navigation extant. 


Aft. Next the reader will find a collection of curious 
problems in Aſtronomy, uſeful to the Navigator, by which he 
may find the latitude he is in, at fix o'clock either morning 
or eyeing; or when the ſun is due eaſt or weſt, he may find the 

the place and hour of the day, in the foreneon or 


the latitude of the place and hour, 


er with 28 of logarithms, alſo a 
cable of natural and artificial fines and tangents, 


The 


— . — and a 


x The PREPACE. 


The Arran, will ſhew how all kinds of failling, or the 
Whole art of Navigation is performed, without either books, 


Ubles, or inſtruments whatever, but by the pen or peneil only. 


Therefore, if this fruit of my labour find 
Dre 

z and thus deſiring a favourable conſtruction to be put 
upon what faults or errors may eſcape either the pen or the preſs, 
I doubt not the Noble-hearted Sailors and that it 
may be a benefit to the Buyer, a help to the a fit com- 
t to the Author, is the 


To conclude. 


and fincere defire, of 
Yours, 
men, With the higheſt Reſpe®t 


WILLIAM CHAMBERS. 
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| Comet rrical / roblems. 2 


PROBLEM, is » prog Grion which requireth ſomething 
bedone, asto molds les figure, to add or ſubtract one fi 
toor from another; to make a circle paſs through any 

given points not lying in a right tine, &c. 


PROBLEM I. N LN. 


To Divide a given Line A. B. into two equal Pt. 
Firſt. Set one foot of your compaſſes in the point A, and opening - 
the other foot to any convenient diſtance oe] half che length of the 
line A. B. make the arches D and G, above and below the line. 
Second. With the fame extent, ſet one foot in B. and eraſs theſe 
arches in E. and P. 
Third. Draw the line E. G. which will divide the line A. B. into 
es equal parts in C as was required. 


PROBLEM UI. PL Fg a. 


f 1 is @ Line given, to ere2 @ Pergendicular. 
Let A. B. be the iven line and let C be the point a 
— required to erect the RENEE — 

Firſt. Set one foot of che compaſſes in the point C, and den the 
other to any convenient diſtance as to P. and make the points P. and 
E. of equal diftance from C 

Second. Set one foot in D and open the other ag pleaſure,” and de- 
&ribe the arch F, and wink the fame extent ofthe compuſie with one 


— 


ö Fo ĩ — — 2 — — 
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wet WR e tht frrmer 25th in C. draw the Hine C. G. which 
will be perpendicular to A. B. upon the point C. as was required. 


PROBLE M Mm. L IL Fg.; 


7. e a Pergendicular, on the end of a gi ven Line. 
Let A. B. be a given line, and from ihe point A. at the end thereof 


let it be required to ere& a perpendicular B. C. 


I Open your compaſſes to any diſtance at diſcretion, and ſet ing 
one foot in the given point A. deſcribe the arch FED then fet one 
foot in D. (the — being at the ſame dittance, croſs the faid arch 
in E. and teiting one foot in E. with the other deſcribe the arch A. F. 
G. bling the Fit wech in F. then ſet one foot in F with the other 
deſcribe the arch H. H. crcfling the former in C. 

IT. Draw the hne A. C. which will be perpendiculae to the line A. 
B. as was required. 


ROB L E M. IV. 
Frem a given Point P. 10 let fall a Perpendicular to a given Line. 


In this there are two caſes, firit, when the g point is over or near 
che mid\le of the line, ſecendl) when it Is near or almoſt over the 


end ot the line. 


Let N. O. be a right line given and from the point P. over it, let it 


be required to let ſall the perpendicular P. Q. 
I. 65 your compaſſes to any diſlance greater than P. Q. ſet» 


tir g one foot in the point P with the other deicribe the arch ct a circle, 


cutting the given line N. O. in the points R. and 8. 
II. Dirie the line R. S. into two 8 =_ in Q. (by prob. I.) 


3 to Q. ſhall — Ws 
given line N O. | 


Jo drow 6 Line Parallel t 1 


Let A. B. bea line given unto which it is required to draw a pa- 
rallel. 


I. Set one foot in the end A. and with any extent required make the Þ} 


arch E. 

II. With the ſame extent of your compaſſes, ſet one foot in the 
other end B. and deſcribe the i 

III. Lay your ruler to the te p of theie two arches, fo that it does 
not croſs, but juſt touch them, then by the fide thereof draw the line N 


© which will de the parallel required. 


Pr R OB L E M VI FI. Fig.6. 


To make an Angle as D. B. C. equal to @ given Angle x y 2. 
From the point V. with any radius, deſcribe an arch as M. N. and 
from the point B. with the tame radius, deſcribe the arch B 29 
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3 
take the leng' of the arch M. N. in your compaſſes, and lay i on the 
cther arch B. to d. and from the point D. through the points B. 


and D draw the lines B. D. and B. C. and the angle B. D. C. is 
equal to ihe given angle X. V. Z. as was required. 


P ROB L E M. VE. I. I. F. 7. 


From a given Point A. to male an Acute Angle, of 41deg. 15m. is required. 
I. From the fcale of chords, take the chord of 60 d and with 
that radius and one foot of the compaſſes in the point A. deſcribe an 
arcFasX. V. 
II. From the line of chords take 47d. 15m. and lay it on the arch, 
X. to V. and from the point A. WR 29 and V. draw out the 
— and A. C. and the angle B. A. C . is the angle required. 


p ROB L E M. vm. 2 I. Fig 3 


From the line of Chords, to make a Right Angle, or an Angle of go dex. 
is requred. 
I. With the chord of 60 deg. from the point X. deſcribe an arch as 
A. B. take the chord of godeg. and lay it on the arch from A. toB 
II. From the center X. through A. and B. draw the lines X. C. and 
X. D. and the angle D. X. C. will be a right angle. 


PROBL E M. IX. PL I. Fig. g. 


Frem a given Point A. to * . Lage of 134 deg. 54m. is 


required 

With the chord of 60 degrees from the point A. deſcribe an arch, as 
X Y. from the chords take 67 37 = half of the given angle, and lay it: 
on the arch from X. to Z. and from Z. to 17. 


II. Through X. and V. draw vat the lines A. X. and A. v. aud 


tte angle x. A. y. will be equal to 134 deg. 54m. as required. 


PROBLEM X NM I. Fig. 10. 


To Biſect or Divide a right Lined - Angle into tao equal Parts. 
Upon the angular pin: C. with any convenient radius, deſcribe an 
arch, as x. y. trom theſe points x y deſcribe equal arches, 
each other in D. join the points C., and D. with a right line, and it 


will biſect che arch x. 1 le into 
equal parts as was required. — „ we 


PROBLE M. XI. Pl. I. Fig. 11. 


Upona right line gi ven as A. B to deſcribę an egui lateral T1 riangleis required. 
I. Make the givca line A. B. radius and with it upon each extreme 


— 


—— —¼—H —— — — ͤ—Ü—Ou—ũ — a... 
a a a : 
% 5 * 4 
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| gram rents A, nnd B. dekeide equal arches vi. A. C. and 


II. Join the points A. C. and B. C. with right lines and they will 


wake the triangle required. 
PR OBL I M. XII. FI. I. Fig. 12. 


Three right Lines being given to form them ito a Triangle, provided any 
two of them taken together, be longer than the Third. 

L Make either of the ſhorter lines radius, as the line C. and upon either 
end of the longeſt line as at A. draw the arch Ce then take the ex- 


tent of the line B. in zhe compaſſes, and with one foot in B. deſcribe 
. another arch, to croſs the firit arch in C. then join the 


points C. A. 
and C. B. with right lines, and they will make the triangle required. 


PROBL E M. xm. NL I. Fig. 13. 
7 divide aright Line, given into any r of equal Parts, 
I. Let A. B. be a right line given, to be divided into ſeven equal 


II. From one end of the given line A. B. draw the line A. C. 
* an angle the:ewith at pleaſure, ard draw the line B. P. 


© making the 4 B = the . A. then ſet off upon theſe two lines any 


— of equal rte, leis by one then the parts into whicl, the line 
A. B. is to be divided, which in this example muit be 6 then draw ſmall 


4 - pricked lines from 1 to 6, which hues croſſing the given line * B will 


divice the faid line into 7 equal parts as required. 
rr ROB L E M XIV. N IL Fig. 14. 


* right Line, as A. B. to make a Geometrical Square. 
one end ot the given line A. B. erect the perpendicular 

40 Prob. III] equal in length with the given line A B. E 
II. Make the given line radius, aud upun the prints B. and C. 
deſcribe the Arches to crois each other in C. join the points CD. 
and B. D. with right lines, wh. ch will form the ſquare required. 4 


PR OB L E M 1 Fig. 15. 


Two unequal right Lines, a: A. B. and B. C bring given to make a 
Right angled Poo Ss 

I. Upon the end of the longeſt line as at A. erect the perpendicu- 

lar A. B. che length of the ſhorteft line B. EE. | 

II. Make the long eit line radius, and one foot of the compaſſes in 


A. deſcribe an arch with the ſame extent. and one foot in B. deſcribe 


another arch, which will cut the former in D. then join the points 


C. D. and B, 5 6 
a 


— 
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p R O L E M XVL N. I Fig. 16. 


To deſcribe a Circle through any three Paints not fituate in a right Line. 
I. Join the points B. A. and B. C. with right lines, divide the 

lines A. B. and B. C. each into two equal parts, and draw the biſe 

lines X. O and y o which will interſect each other in O. 

Low et doom of 2 cle that will pa theooph th the 

3 . as required. 


An — of the Nue:, Signs, or Charactert, that are w/ed in 


this Work. 
WV. Addition 
— 8 [ Lefs, in Subtraction 
N 
Ih Diejunct OO 
+4 I (En 


g 
| A Ri ht An 
LA N 1 — 


as i D — 
, „ 


un. 


ME N S u R A * 1 0 N. 


EASURING of ſuperficial figures ſhews both — 
M and inſtrumentally how to meaſure any kind of plain luperficies, 
6 . 2 Painting, Pav- 


PROBLEM L PL Fr. v. 


The Length and Breadih, W 
Mi e 
HE GENERAL Rutgs. M 2 len the breadth 
when they are be ch in inches and divi a by 
tient ariſing gives r 


12 gives inches and Em; or multiply 


* 


& 
the cemad 
the 
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{when they ar both in foot meaſure) and the product gives the content 
in 


| Example. Suppoſe a plank be 13 inches broad, and 17 feet 10 
BS long, I deũre to know how many ſuperficial feet is contained in 
plank. | | 
17 feet 10 inches = 215 then 214 Xr3 = 2782 
| 78 , 
And 2 feet 3 inches 10 parts, the ſuperficial content in 
By the Sliding Rule. 


Ser 12 on the ſliding piece, to 13 on the fixed line, then againſt 17 
— the fliding piece is found 19 33 feet on the fixed line the 
aniwer. 

Example II. If a plank be z feet 8 inches broad and 29 feet 11 
inch-s long, required how many ſuperficial feet is contained in that 


By Decimals, .29.916 x 2.6656 = 79.757 the ſu- {4 Table of 
perficial content in feet. N lacks Deci- 
By the Sliding Rule. I. ches Deci, 
Set 1 on the ſliding piece, to 2 666 on the fixed 11] 9166 
line, then againſt 19 916 on the liiding piece you 10 333 
will have 79.75 &c. on the fixed line the anſwer | | 
required. | 8 6066 
* 6 » 1'n 4 JI. F; 7 | 8 
PROBLEM U. N IL. Fig 18.6 | .- 
„ e 
2 To mea ſure a Rhombas. | 4 - —_ \ 
A Rhombus is a figure repreſenting a Quarry of | 3 | Is. 
Glaſs, having four equal fices, and four angles, two | 2 666 
of them being obtuſe, and two acute as the figure 1 0833 
It is demon ſtrated by the 35 propoſition of the firſt bock of Euelid. 


that parallelog ams having the baſe, and being betwegn the ſame 
paraliel:, are equel, that is the parallelogram here annexed, is equal to 
the rhombus, A BCD. Rule, multiply the length by the perpendt- 
cular, and the pre duct is the area. | 


Example. Suppoſe thee be a piece of marble pavement repreſent- 
| Ing the fgure of a rhombus, each fide thereof being 18 feet 11 inches, 
a6d perpendicular B E be le all from the ut angle upon one of 
its ſides, = 15 feet 8 inches, required how many ſuperficial feet is 


$a,» Lg 


22 


_ 
Ss 
of 
is 
he 
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. Arithmeticall * by croſs mul- | | 2 
iplication. | Inftrumentally, By the Sliding 
Mukiply 18. 11 Rats. 

By 13. 8 | 2 
— Set 1 on the ſliding piece, w 
| . 
54 13. 66 on the fixed line, them 
13 | againſt 18. 916, on the ſliding 
12.0.0 piece you will have 258 f. en 
11.11. 0 the fixed line, the anſwer re- 
7.4 quired. 
Content in ſeet 258. 6. 2 | 


P ROBEE M UL. PLL Fg. 19. 


To meaſure a Rhombiides. 
A Nhomboides is a figure having four ſides, the 


oppoſite fides thereof 


being equal and parallel, and alſo four angles, the oppofite whereof 


are equal to find the conteat thereof, this s the L | 
Multiply one of the longer ſidrs, by the perpendicular let fall from 
one ot th- obtuſe angles, to its oppoſite fide, and 1 is the 
area, or ſuperficial content, in the fame kind of meaſure, that your 
dimenſions are in. _— wo 5 
Suppo ſe there be a piece of wainſcot in form of a rhomboid, whoſe 
longeit fide is 15 feet .o inches and the perper dicular let fail from 
the obtuſe angle is g feet 11 inches, I defire to know the ſupcrſicial 
content thereof in feet and yards. 


Here 15 83 _ 2 5 17 yards 4 feet. 


5 By the Sliding Rl. 


Set 1 on the {liding piece to g. 916 on the fixed line, then acainft 
15 .33 on the fliding piece, you will have 155 98, on the fixed line 
the ſuperficial content in feet, which divided by 9. quotes 17 .44 the 
content in yards, VET , | 


PROBLEM TV. PLE Fx. 20. 


| | To meajure à Triangh. 

A triangle is a figure having three fides, and three anvles ; triangles 
are either right angled or c blique angled, right angled triangles are 
ſuch as have one right angle, oblique angled. triangles, are ſuch as 
have their angles either acute or obtuſe, an obtuſe angle is greater than 
a right angle, that is, it is more than go deg. and an acute angle 
is leſs than go deg. to find the ſuperficial content, this is the general 


* * \ 
Let . 


* 
\ 
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there be a piece of marble pavement in form of 


erty prod wah 7 feet, and pe: peadicular 12 
how many yards is contained therein. 
Then = — = 138 s The Avfvver in Feet. 


—= = 15 .43 the content in yards QE 1. 


| And 


PROBLEM v. PLL. Fig. 21. 
To mefere = Trogezium. 


by the . 
the ut is 
wry he who fam ABC and AD Tis the ne of the 
zium required. hs 


Frets. whoſe _— 


16 . + 16. 7X 35 2 


"ou Sr . aces ne/ rod, 35. 125 


PROBLEM 2, | Rs 
To Meafire a Polygon. 
polygons, are ſuch fi as have more than four 


gures | 
thereof bein ual pul thaw four feds 
— 1 


F = 
— 
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_ - 
- * 
* * 
* 
* 
* 
* 
- 


To find the area or ſuperficial content of any regular polygon, this 
is the genera!rule, Multiply the whole perimeter, or ſum of the fides, 
by tne perpcadicul- r, let fali from the center of the polygon upon the 
middle of 32 of its ſides, and the product is the area, or multipiy : 
the perimeter by tte vw hole perpendicular. | HN 


- Example. If a flower garden be in form of a regular hexagon or 8 |” 
polyg en conſiſting 11x equal hges; each ide being 15 7 yards and the | 
perpendicu ar let fall u cu one nde is 21 .4 yards, required the'fuper- 

* content in yards. | 


» 
4 = 
* . 


A 


Then 18 - K 3 ; 1 the perimeter or half 2 ſides. And 56. I 
X 21.4 = 1203 54 == area 1a yards. 


P R O B L E M VI. FI. I. Fig. 23. 


| Fo Meaſure . Circle. 


1 ©  Acirdeis a plain figure contained under one line, which is eafled . 
2 circu;ytcrence, unto which all lines drawn from a point in the middle 
of che figure, called the center, and falling upon the circuraferenge 


| the ef arc ail equal to each other; the circle contains more than any 4 
; Plain figure of equal compals. | . 
I _ Tre RuLe. - Every circle is equal to a parallelogram, whoſe 

r length is equal to halt the circumference, and the breadth equal to half 

- the diameter , then multiply half the cii cumference by half the dia- 


- meter, and the product is the area of the circle. 


the circumference — 60 63288 feet, required þ half circum. 30 31 


5 Example. If the diameter be 19 z feet, rea n 
half diam. 9 63 


the ſuperſicial contents in feet. 


Then 390 .31644 * 9.65 = 292 .553646, the area, or ſuperficial * 
content requred; Or if you muitiply the ſquare of the A 6 A 
7854, and the product is the area; that is 19 .3 & 19.3 X.7854 = 
4. 292 5536 = the area, the ſame as before. 


PROBL E M m. PLI. Fig. 24. 


To Meaſure an Elipfis or an Opal. 
An Elipfis is a fignre bounded by a regular curve line turning into ; 
itſelf but of its two diameters, cuting = other in the center, — is 
longer than the other, in which it differs from the circle. 


Tur crnzzaT Rurz. Multiply the tranſverſe diameter by the 
conjugate, and that product multiply by. 7854, this laſt product is the 
arca of the elipſis required. „ 

TAY | Examples 


+ - — 2 5 — — —— 
* * — — CE — — _ 
o 9th 0 lr ꝛñ —— — — - 
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Example. Suppoſe there be a table in form of an e<lipfis, whoſe 
tranfrerſe diameter is 58. 5 inches and conjugate 44. 7 inches, te- 
quired the fuperficia! c:ntent in feet. 
Then . 14.262 37 feet, the Anſwer re⸗ 
. 144 : 
quired. | 
MEASURING # SOLIDS. 


Solid bodies are ſuch as confilts of length, breadth, and thicknefs 3 
as fone, timber, globes, bullets, &c. | 


PROBLEM I. NMI 25. 


To Meaſure a Cute. 
A cube is a ſquare ſ lid, comprehended under fix geometrical ſonres, 


 kelogin form of a die; to find the folid content thereof ubſerve this 


general rule. | \ 
— Malnply the fide of the cube into itſ-If, and the product again 
by its fide, the laſt product will be the ſolid content of the cube, 


which if in inches, divide by 1728, the quotient will be the ſolid con · 
tent in feet. 


Example. If the fide cf a cube be 29.5 inches, I demand how 


- many ſolid feet this cube contains. 


Then 20 5 7 = 14 856 feet, the anſwer. 


PROBLEM I. NL Fig. 28. 


To Meaſure a Parallelepipedon. 
Tur CENERAL Rules. Multiply the fide of the baſe in inches 


into irſelf, and that product by the length in feet, and divide the pro- 


duct by 144, quotes the content in ſolid feet, or if che length be given 


in inches you muſt divide the product by 1728, gives the ſolid con- 


tent in feet. | 

Example. Let the figure A B CD E F G, be a parallelopipedon, 
or ſquare priſm, repreſenting a ſquare piece of timber, each fide of 
its baſe 14 9 inches, and length 17 feet nine inches, required che 
ſolid content in feet, arithmetically and inſtrumentally. 


. . 14 X14 X 17.7; | Iaſtrumentally by the ſliding rule. 
— 144 Set 12 onthe girt line to 17 75. 
== 24 .16 to the ſolid contents in] *be length cn the ſliding piece, 


then againſt 14 on the gert line 


3 1 you have 24.16 on the fliding 


| piece, the Anſwer. 
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Example 2d. If a piece of timbe be 17 inches ſquare, and 21 .6 
feet long, required how many foi1d feet it contains. 


6 
Arithmeticaliy, 47 2 — 2 ; feet the ſolid content 


144 
requir d. 


PROBLEM M. NI Fig. 2. 


| To Meajure a Triangular Priſm. | 

A priſm is a ſ lid, — under ſeveral planes, and having its 
bales alike, equal and parallel, the fol.d content of a priſm (whether 
triangular or muit:ngular) is found by muitiplying the area of the 
— 1 its length or height, and the product is che ſolid content 

eof. 

Example. Let the figure A BCD repreſent a triangular yp 
| each fide of the baſe beiep 15. 6 inches, and the len th of 2 
19 feet 6 inches, required the ſolid content thercof in E. 


l . |. pe 
. Arithmetically. Vy bon EZ om 13 5 = the perpendicular 
3 1 
od of the triangular baſe ; then — 2 2 14.25, hence the ſali- 
| | t44 


dity in feet, is 14 feet and one quarter, as was requued. 


Inſtrumentally. Set 13 5 on the flider to 13 5 on the girt line, 
then againſt 7.5 on the ſliding piece you have 10 .26 cn the girr line, 
then iet 12 on the girt line, to 19.5 the length on the ſliding pi-ce, 
then againſt 10 26 on the girt line, you will have 14.2; on the {lider, 
the content in feet required. | 


e Examp.e 2d. Supp ie the figure AB CDEFGHIk. tore- 
— ent a priſm, whoſe baſes are regular hexagons, or a piece ot imber 
en — into fix equal ſides, e. ch fide of the baſe 14 inches, and the 
B- rpend cular let fall from the center of the polygon upon the middle 
of one of its fides is 12 . 1 inches, alſo the length thereof is 19 feet 
yi 41 inches, required the ſolid content of the priſm in feet ? | 
che Arithmetically. 14 „ 3 = 42 = half ſum of the fides, ' Then 
2 X 12.91 
; ——— 222 = 75, 2927 = felid content in feet, as 
'S bf | | | 
. luaſtrumentally by the ſliding rule. Set 12 onthe ſliding piece to 
ling 12 on the girt line, then againit 42 on the flilinz piece, you will 


Dave 22.54 on the girt line, the ſide of a mean iq are priſm; then ſet 
12 on the girt line to 19.916 the length cn the ſliding piece, then 
againſt 22 .54 on the girt line you will h ve 75. 29 on the fliding 
piece, the content in feet, the ſame as before. 9 

Cz ; ROI. 
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2 — Sas 4 


To Meaſure a Square Pyramid. 
A Pyramid is a folid figure, whoſe baſe is a polygon, and the ſides 
are iſoſceles triangles, their ſeveral tops meet together in one p int, to 
find the ſolid content thereof, this is the general rule. Muitiply the 
area of the baſe by one third of the altitude or length, and the product 
s the ſolid content of the pyramid. 


 ——— 


On edt wo 
—_— — -- oy = — - 
_ ” — — — — 


Example. Let che figure A B C D, repreſent a ſquare pyramid 
whoſe fide of its baſe is 19 inches, and its perpendicular height E D 
is 21 feet 9 inches, requued the ſolid content of the pyramid in feet? 


- — — — 
— — 


Arithmetically. 2 — - 7 2218 17 feet, the ſolidity of 
the pyramid required. Ct 


Inſtrumentallx by the ſliding rule. Set 12 on the girt line to 7 25 
(one third part of the altitude) on the ſlid ing piete, then againſt 19 
(the five of the baſe) cn the girt line, you w'll have 18.17 oa the ſlid- 
ing pic ce, the content in ſeet; the ſame as b. fe re. | 


Example 2d. Let the figure A B CD E F be a pyramid, whoſe 
is a regul:r pentagon, each fide thereof being 23 .4 inches, and 
the perperdicul.r let fall trum the center of the polygon upon the 
middle of one of its ſides is 10 .1 inches, and its perpendicular 
altitude = 21 feet 10 inches, required the ſolid content in feet. 


Arithme.ically. 23 4 X 2.5 =58.5 half the ſum of the ſides, 
and 10 i X 58 5 = 942 o6c6= the area of the bale, ande 
82 23 = 47.6 feet, the ld content in feer. 
3 144 
Inſtrumentally. Find a mean proportional between the perpen- 
dicular and halt the ſum of the ſides which will be 35 .7, then fect 12 
N on the git line to 7. 27 (one third the altitude) on the ſliding piece, 
| then againlt 35 .7 on the girt line you have 47.6 on the ſliding piece, 
| dhe content required. | | 


PROBLE M. v. NA. I. Fig. 31. 


To mcaſure a Cylinder. 
A cylinder is a round ſolid, having its baſes circular, equal, and 
parallel in form of a rolling ſtone, uſed in a garden; to find the ſoli- 
dity thereof, this is the general Rule. 
_ Multiply the area of the baſe by the length, and the product is the 


ſolid content thereof, in the ſame denomination your dimenfions are 
taken 1n, | 


. 
N 1 

„ 
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4 
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Example. Let the figure A B C D, repreſent a cylinder, whoſe 
. B. is 28 . 7 — and the length = 16 feet 11 inches, 
required the ſolid conten in feet ? 


Arithmetically. 28.7 X 28.7 X 7854 = 646 .92612, the 
645 966 X 16.916 _ & as 
afea of the baſe ; an] — _ — = 75-9953, or 75 
ſolidity in feet as was required. 3 9 
| mo Backer Set 13.53 on the girt line, to 16.915 on the 
icing picce, then againſt 23 .7, on the girt line you will have 76 on 
the ſlider, t he content in feet. | x 


r R OB L E M VI. N I. Fig. 32. 


To Meaſure a Cone. 

A cone is a ſlid, having a circular baſe, and growing ſmaller and 
ſmaller till it ends in a point called the vertex, and may be nearly re- 
preſented by a ſugar- loaf; to find the ſolid content thereof, multiply the 
area of the bale by one third part of the perpendicular height, and the 
product 1s the ſolid content. | | 

Example. Suppoſe the figure A B C D to repreſent a cone whole 
diameter of its baſe is 21. 8 inches. and its perpendicular height C D, 
is 19 feet 10 inches, required the Content in fret. | 


Arifhmetically 21.8 * 21.8 K 7854 = 373. 253 the area of 


its baſe, and 373. 253 & 6. 61 — 144 = 17.133 the ſolidity in feet 


required. 

| = a" Set 13. 53 on the girt line to 6. 6 on the flider 
{one third of altitude) then againft 21.8 on the girt line you will have 
17. 13 on the ſlider the content in feet as before. : 


p R O3 L. E M VI. 


To meaſure the Fruſtum of a Pyramid. ; 
A fruſtum of a pyramid is the part iemaining after the top is ent 
off by a plain parallel to its baſe, to find the content thereof, there are 
ſeveral rules, but I ſhall here uſe that which is molt eaſy and ap- 
Plicable to working by the ſliding rule. | 
To the product of the ſides of the two baſes, add one third part of 
the ſquare of their difference, that ſum multiplied by the height wil 
pro” uce the ſolidity, if the baſes be ſquare, but it they be triangular or 
multangular, che faid products of the ſi es, with the third part of the 
ſquare, it their difference will be the ſquare of a mean ſide, and the 
fquare root thereof will be ſuch a mean fide as will reduce the taper- 
ing ſolid to a ſquare priſm, equal in iolidity thereunto. | 


Example. Suppole the figure AB CD, to repreſent the fruſtum 


of 2 ſquare pyramid the ſide of the greater bale is 27. 5 inches, ang. 


. 


= ME” * | 
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the fide of lefſer baſe is 11.9 vebes, and the height is 22.9 feet re. 
quired the ſolidity of rhe truſtum in feet. 


WAL. I The ſquare roct of the product 
3 8 of the area cf the tw baſes, when 
Arithmetically. the third part of the ſquare cf 
27. $i 1 Az _ __— is firſt acded, — 
F * — , a fide of a qu re priſm, 
. in Gly + Oe fetus, Gn 
144 5 let 12 on be fixeu live, t. 22 9 
* 64 942 = the ſolid content in | length in the flidirg piice, then 
Jeet as was requied. | apanit 20.2 the five of a mean 
| tquare priſm, en the guih line 
you have 64 9 as before. 
Yo meofure the Fruftum of a Cone. 
A fruſtum of a Cone is that part which remains when the top end is 


cur tf, by a plain, parallel to the baſe, to find the folid content there- 
of the rule is the ſame in effect, as forthe fruſtum of a pyramid. 

To the pro uct of the preater and leſſer diameters, add one third 
part of the ſqu.re of their dinerence, and mu[tip!y the ſum by . 7854 
and the product is a mea” area, which multiplied by the perpendicular 
height, the product is the fol.d.ty of the fruſtum c ne, as required. 


Example. Suppoſe the figure A BCD be the fruſium of a cone, 

or otherwiſe a round piece of taper ng timber, wh fe greater diameter 
CDis 249 incl.cs, and the ieffer diameter A B is 9.7 inches, and the 
3 is 28.75 leet, required the ſoliu content thereof in 


| 8 pong | 
Arithmetically. 24 9 X 9.7 1 X 7854 X 21 75, = 


% 


— 
37 78 the ſolid content cf the fruſtum in feet. 
Of TUNNAGE. 


This being neceſſary to a mariner, that he may un derſtand how to 
meaſure or g ve the tunnage of fuch goods a may be ſent on board his. 
ſhip; I fh Il theref re give bm ſome plain di: ecti us on this head, 

only obſerving that 40 ſolid feet is to be accounted for a tun. 


A crverar Ruts. Multiply the length, breadth, and depth 
| toffecher ut gives the cuntent in End bet, Chick divide by 40 gives 


Example. I. If a caſe be ſeet feet broad, and 3 feet 
deep, required the tunnage, 5 | 1 


F. F. T. > 


5 the ends together an take the half thereof. 
ether end, 3 feet _ 3 
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* — 8 tun 20 ſeet, the tunaage required. 


49 


* 


Erimple, II. Again n di- tmeether 
» found to be 10 fect long. 5 ſeet broad, an 4 deep, requiged the 
tunnage. 

XENIA = rams the ane required, 


Note. If *any cf the 4imenkions have inches in them, let all the 
dimenſi ns be reduced into inches, and the ſolid c ntent wuſt be 
1 


Example, III. If a bale be 4 feet 6 inches long, 3 feet broad, and 
1 required ber tunnage ? = 


54 * 36 X 24 __ 456c6 * 


4—=6 = $6 3 = 16 v.05 0g "ng IT 
feet the anſa red required, 

Example V. A box feet 6 inches long: 3 feet broad, and 2 feat 
7 inches deep, I demand the runnage ? 


P. F. L 


3p. 6 = 42 3 = 36.2.7 = 31 1 . LE X 23 a 
20 


| —5 feet, = the content in feet. 
172 


"iis of ths tice ace tis mndaltin. add rn 


Example V A ca 4 fee: Hug at one end, and 5 feet deep at the 


ple 6 aa ne ct | 
and 2 feet 10 inches deep, the other eni 2 feet 8 inches broad and 4 
&ot 10 3 e che tunnage? 5 


FI 6 I - ' I 3 

„I 3 » 
one end g 7 2 Mr * 

L F 2 2 3 þ ”Y 


is de UvtvERS AL NAYICAT OR. 


120 38 x 27 


e 2. 
— n ok * 20S feet : the 
tunnage. | — 


* 


Example VII. If a round caſe be 5 fert 7 inches long, the dia- 
meter at one end, being 11 feet 4 inches at the other end 3 F. 8 In. 


I deſire to kncw what 1s the tunnage? 
1 4 | „ 43 67 
Other end 3 s | 5.7=67 4 0==48 then will 2 7 

| 1728 40 1728 A 


M. D. 7 2 j Tunage required, 


If it be objected that round caſes thus tunnaged gives too much, k 
aviwer they take up ſo much room in the hold. But if you are inclin- 
ed to comply with thoſe objectors, you are to conſider that the pro- 
portion between a ſquare and a circle, whoſe fide and diameter are 
equal, is as 14 to 11, therefore multiply the content taken as before. 
by 11, and divide the product by 14 it will produce the tunnage, and 
anſwer the objection. 


The crntent of the foregoing caſe 8g feet then ſay, 


2 69- and — 49. == 1 tun and 29 feet 


14 a 
Ships are meaſured by the length of their keel, breadth.of the mid- 
ſhip beam, and depth of their hold, and 95 folid feet are uſually ac- 
counted for a tun. — 
Example. iſt Suppoſe a ſhip 59 feet by the keel, 21 feet by the 
beam, and 11 feet in the hold, required what is her tunnage? | 
Solution 22 DS - 2143 tuns „ tunnage re- 


a 95 95 9 
quired. — | i 


Example. 2. Suppoſe there be a ſhip, 95 feet by the keel, 3 o feet 
$ inches by the bea m, and 17 feet in the hold, required her tunnage. 
Solution. 95 feet = 1140 inches 30.8 = 368 17 = 204, then 


1140 X 368 Xx 204 | — tha - 
I 5: * Tuns one quarter, tunnage re 


PLAIN TRIGONOMETRY. 


FT 


RIGONOMETRY is the meaſuring of a triangle having 
three things given, either ſides or angles, or both a fourth ſide 


F 


1 


— 


the other transfer the 


\ l A 0 TT n ww 9 * 9 
- yy LAY Z : s 1 5 * 
* - * * 0 40 

: \ 4 , 
” ** 
2 . 
5 | 7 

* 2. * . 8 
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er angle may be found, whether pin or cet. bu pai . | 
nometry we begin with firſt. 1 
— al he Tags as the Plain Sea: nnr. 


Now fince ty eſe lines are frequently put up n ſea'es, &c. divided | 
either by a line of equal parts, and the table“, om, tau 
ſecants, &c. e Len dnt ns l phe f . 
* 


— Live of Longitude AN. 


. Divide the line W B, into 6x equal pans, 12, 3.4.4 
from cach point let fall a icular until it meets | 
A B, then place one foot of your compaſſes in the point A, = 
points . I 

arch to the line A N, fo will u divide it into its primary parts, but 4 
for the minutes you mutt divi each ſixth part of the line W B, int 
ten other equi parts, and then transfer them to A N, as you did the 
primary diviſions. 


Fg 


6; make the Line of Rhembs AD. 


Divide * quadrant A B into eight equal parts, (four 
then fer one foot of your compaſſes in the point A, and wich 
transfer rhoſe diviſions trom the quadrant to the line A B. and ſet | 


figures to it as in the Diagram. 


7. make the las of balf Tangent, C H. 


hay avid n the 3 
Lou B ©. 2d interſects the hne C H. make a mark 
able to theſe the arch or quadrant, and i js done. | 


To make the Line of Chards B E. 


; ruler upon the center C. and af W 
Eick bert ef K. GE | n 
to them, as in the ſcheme. E 9 


. - To make the Line of Secants EF. 


one of the compaſſes in the center at C, and extend the 
degree of the tan 


Sure it with the fame figures 


„ 


| wy Fi 
18 11. Un vi 41 Navicairer; 


„ 


.. of Sine CD. 


2 66 E, into nin or degrees, begin- 
ing t E, and ending at ninety be or) and Ty the quadrant A D, 


We inte ninety-equal af , beginning at A, and ending at D, as before; 


then if you lay a ruler at 10 in che 1 ED, and alſo at 10 in the 
quagrant A , it will cut the line C D in a point, which, call the fine of 


ten degrets, and fo you may divide it into all its other parts. - 


| To makes the Ling of Latitades E P. 


-Lay a ruler upon. the point A, and every of the line of fines 
C Band where it interſedts the quadrant D E, yon may fer figures 


_ | agreeable to theſe in the line of fines; then ſet oe has of ths 


| paſſes in the point R, and with the other transfer thoſe diviſions rem 
2 5 


. Line gr, to be afd in Dialing, with the Line 
of Latuudes, before deſcribed. 


The Line of Tangem FE, being already made to the radius C E 
= Dg = Dr, take thence in your compaſſes the degrees and minutes, 
rorned into time (allowing 15 deg. to an hour, in tune, and one de- 
— — agreeable to thoſe, and lay them feverally from 

both ways towards the q and r, ſo will the ae be divided into 


3 | 


| T6 male the Hour Lines AD, to divide a Circl into Twenty fonr equal 
parts, uſed wwhen a Dial is to be made by the Line of Contingence, Sc. 


Divide the quadrant AD, into fix equal parts, and ſetting one foot 
of your compaſſes in the print A, transfer. to the hour line 
A D, fo will you have the primary diviſions of that line, or having 
free e take thence the chotd of 2 deg. 
45 min. 7 deg one, 11 5 min. 15d. oom. 18 deg. 55 min. 
and 22 deg. 50 min, &c. ſtil . de 
— rr inn help 
. vided f an hour; hence you ſee, that 
"tis line, * id the? ine cf chords, you may reduce time into 
the equmocti al, or degrees of the equinoctial into time: Thus, fu 
poſe you would Know- time axons by oy Oh. go 2m: yo Aon 
this'in your ates FS the line of chords, apply 
the hour line at A, and it will fall on 2 hours 30 minutes. 


To makethe Line of verſed Sines a 


le Apres of the qiiadiain E B. and the med 
- BE Aa os ** — 


; L. A Triangle, is a figure. h 


'  w feds 8 —— 1 


F. SS OG an 


| mage ra and the r 2 ſ{ecant: 


12 
ds ; 


The vr 4 Aae 8 


the {ame the quadrants A B, and A D, watil 22 * 
— . e. then figure it as yon ſee. 


| General Maxine ee ts Right Earl. - 28 


aving three fides, 28. A C, CB, a 
and three angles; and AB Cin reſpect to E is 
right or A WY hath + as; und 3 

II ht angled tr: one right ang 
* in making of it, there 15 required a 2 * 

or let fall, as BC. 

IM. Thoſe fides containing the right e, are calledilegs, ts 
bf Ger the ee 51 FG, re poke 6s th right 
aud the other icular, as to 
angle, is called the hypother uſe, as A * 

IV The three angles of every triangle 15 * to two right angles, 
or 180 degrees; therefore having in a right angled N 
the acute angles, the other is the compliment thereof to go degrees, 
n OD * 

V. In a right tri are alvays two given 
bel 'es the right angle, and one of thoſe a fide to fad a fone 
VI. Ia obiique angled triangles P 


W . 


VII. The three angles of every triangle, muſt be equal to 80 deg. 
if in an oblique angled triangle you have any two angles, the third is 
the tupplemenr of their ſum to 180 deg. or if 0 


of them out of 180 
To in figure the ſecond, 
their ſum is 74 dey. which being taken from 180 deg. there will re- 
nl. THE external angle of 
VHI.. The external an every lir ed tian equal 
the two.oppofite internal ang les. right 11. 9 
dy three letters, the middle- 


the remainder will be the ſum of the other twoz 


IX. An angle may be beſt 
moſt of which reſpects the angle, and that, and the other two, expreſſes = 
the fides which make that angle (though that ſet at the — 
may be ſufficient) ſo if one of the angles of the triangle next following, 
was ſet down thus, B AC, it would iignify the angle at A, made by 


| the öde B A, and C A. | 


The Avithmetical 1 Solutions, of the 
VEG — by Logarithms, * Con aa YA 


Tn onder to lve theſe ſeven — Þ peril the 


Axiom 


diameter of a circle, the other do will de fines, or elſe one will be a 
Then it is, if the hypothenuſe- be 


— 3 3 


2 N 


ed the baſe, as A 2 


you ubtract any ene 8 
the angle at A, is 28 deg. that at B, is 467 0 


In all plain triangles, if one of the fides be made radius, pr ſemi- 


* 


„ 


0 


9 


ſecant, and the other leg the tangent of the oppoſite angle to that 


De s N Avio Are k. 
If one of the legs be made radius, then the hypothenuſe reſpects che 


other leg. 


r IT Se ann then Ss hed 
B A, is the fine of the 2ngle at the perpendicular C, and the * 


dicular is the fine of the angle at the baſe B. [See Fig. 1ſt. ] 


II. If the baſe B A, be made radius, then the dicular A C, 
1s the tangent, and the hypethenuſe B C the the perpn angle at the 
icular C. [Fig. 2d. ] 
II. If the baſe B A, be made radius, then the perpendicular B C 
1s the tangent, and the hy pothe nuſe the ſecant of the angle at the per- 


| pendicular C. [Fig 3d. 


Then it will be, a. 11. made radius is the radius, ſo is the ether 
dae to the fines, tangents, or ſecants, by * and the 


| contrary. 


N.B In the following proportions, it muſt 3 


2 fide is wanting, then radius or an angle, is made the the firſt term, 


but if an angle be w--nting, then the firit term muſt be a fide. 
To find a ſide, any fide may be made radius, faying thus, .: As the 


wor on the fide given : is to the fide given : : fo is the word on 
the fide-required : to the fide required. 


To find an angle, oe of the given ſides muſt be made radius, then 


as one given fide : is to the word on it :: ſo ĩs the other given ſide 
: to the word on it. 


Caſe ift. c the Bop BA = 4 et as the Be Baſe 32. 
2 m to find the * . PI. Il. Fig 30. *. 


V. Make the Hypothenuſe Radius, [per Example I.] 


s C 2B * 
& DB. FF by | 0.07453 
Is to the aS a * | | 2 
So is S. . B 22 37 3.731601 
To the perpendicular B C 30 o 1.457306 
| af & nclking AB the Baſe Radius, then ſay, \ 
As radius 90 oo 
Is to the baſe AB 438 1.681241 
So is tangent L. B 32 37 9.800137 


To the perpendicular BC 30 o 14487378 
24. By making the Perpendicular Radius. 


As tanget E 3 32 37 9.806137 
Is to the baſe AB 1 1.68 1241 
80 is radius 90 0 10. 000000 


— 


| Tothe p quan iy 1487378 


* 
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Caſe 2 Given the baſe AB = 48 and angle at the baſe 3 
| deg. 37m. to find the hypoibenuje B C. 


rſt. By making the bypothenuſe p C radivs fay, 


Co. Ar. 

As S CB Io 38 e ©.07453$ 

Is to the bake : 18 ' 1.681248 

So is radius 90 00 ws 

To the hypothenuſe AC 55 98 ot 57 1. 55776 
Then as radius go 09 10. ET 

Is to the bate'A B a 48 1.681241 

So is (ec. 4 * 31 37 20.7%. E 

To the hypothenuſe A C 57 1-755770 
No 34. 37 making the Perpendicular Radius. s 

: Co. Ar. 

As Tang. . C 32 37 9-399137 

Is to the baie 5 1.651241 

So is co. ſecant 4 A 32 37 10.2 $399 

To the hyporhenule AC $7 > 755777 


Caf 36. Given the hypothenuſe Ac =57 and angle B = 3adeg 37m. 
N #6 find the baſe AB. PI. II Fig. 38. 


fe By making the Hypothensſe Radius, then nil, 


e > 2 
s to hypoths 8 1.787. 
$0 is co. RE A $7 23 bes id 
To the baſe AB 1586687242 
26. by making the Baſe A B Radius then will. 
Co. Ar. 
As the ſecant 4B 32 37 9925465 
Is to hypothenuſe A C 1.755777 
So is radius F oo 10. 
Tothe ae AB 6 1.681242 


— 
2 The Ur L Navigsa TOR, 
34. ih mating the Porpendicolar Radins, then /ay. 


| As the ſcant Z C 57 23 9.731601 
Is go t:ypotheuwuſe AC 357 7 . 757857 
Sc is tan. . C 912 10.193803 
T the baſe A B 48 1 681241 


ee 44h Given the Baſe AB = 48 and bypothenuſe A C'== 57 fad 
the angles A B CB A C. PL U. Fi. 39 | 


„% By making Hypothennſe Radius, then ſa 


As the hyputheaule A C X 57 175577 
Is tors us go oo JO o oο 

So ws the baſe AB. = 45 1.68124 
To ſecant 4 C | $7 23 9.92647 

24 By making the Baſe the Radius. 

48 4 66124 

90 oo 10.00000 

37 175577 

0 by 30. ooo 

| I to the - IE A * 8 

80 is ſecant LA 332 37 9.731609 

To the perpendicular ; C30 è ¶ ( 1.487378 


Caſe 58. Given the hypothenuſe B C == 57 and perpendicular A 0 
* 30 . 1 * 40. 


So ſecant C. A 32 37 973-56 
24. Making Perpendicular A B the Radius, wwe have, 
As the perpendicular A C 30 7 1.437378 


80 f is hy pot henuſe B Cc N 1.755777 
— — 
To the ſecqut 4. C 10368799 


1 
\ 
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34. W —— Rs GOIN: - * 


As radius go oo £0.000C0Q | 
Is to the perpendicular ACw 7 1.487378 
So is tangent £ C 3 10.193803 i 
n — — 
To the baſe A B 48 1.68 1241 


Cak 66h Given the Baſe AB = 48 and gerjendicular A C = 30 
te fan the ungles A and C and hypothenuje 8 C. NES | 


1. Making the baſe A B the Radius, then ſay. "HR 
As the aſe A3 48 1.68 124 
Is to tangent radius 45 oo 10. 
So is the perpendicular AC 30 7. ' 487 378 
To the tangent & A 32 37 9.830¹³7 
| 2d. Making the Perpendicular B C the kau, then jay. 
A: the perpendicular B C 2 "1.457578 © 
Is co tangent radius 45 o 10. 
So is the baſe AB 48 | 1.6841 
| To the tangent £ C 1 10.15 3863 
To find the Hygatheniſe B C, the Proportion is. 
As ſecant C. A — MM 9-731601 
Et, the perpendicular AAC 30 7 1.487312 
| 80 is radius 90 0 8 
6 Jo che W BC 57 1. 755777 


c 716. Groen the Boſe AB = — B C: = 57, * 
Re the Perpendicular & C. PL. Fig. 4. 


The. Proporticn is. ; 
| b we hypothenuſe | 'W 1.755777 
F Is to radius go 0 10. | 
2 So is che baſe AB. _— 68r241 
To the fine 4. C cf a3. -- 3 925401 


The hypothenuſe is Nadir. 


As radius : hypothenuſe :. ſo is ſecam 4 A: perpendicular 
4 | PR 37 2: 32; * 3057 =AC. *. 


. 
X * 
* 1 
*. 4 
* 


\ 


/ 


* 
6 , 

” 

” 


be v 41 Navrcaron. 


| 3 . Triangles in ſeveral Problems, about taking 


Heights of Object, when Acceſſible. 
P R © B L E M. * | 
th A andere Danton Fl. H. Fig 41. 


Let A B, repreſent the corner of a tower, waoſe height A B is 
quired. 


it. Make choice of any ftation as at D and directing a q Ms 


any other inſtrument, ſo as that you may ſce the point 4, So b th the 
$zbt:, then obſerve where the third falls, if you uſe a quadrant, lup- 
Poſe 40 degrees of the limb, this is the angle Apq = AE B whoſe 


compi.ment to go deg. is 30 deg. —E ABS ALPA. 


2d. Meaſure h P, the diſtance between the itation and bottom of | 


ift. From A duel the e of your dine is E and fd the £ 


EA 50 ſuppoſe. i 
2. Make che height of the tower A B = 191 feet radius, then fay, 
As radius | go 00 =, 10. 
Is to the towers height. 191 2.281032 
80 is tangent . A go 0 10.076187 


To the diſtance ef the objeft at E, 227.6 feet 2.307220 
FROSLALM © 

| A ting th be of he Tor AB 19 fo 
II. 


jun are, when at the Station D. P, 
Sabtrad the hight of your eye, 
2 and there remains 186 feet = 62 yards = A A4. 


Fi g. 43» 


ts fad bow far of 
ſuppoſe 5 feet, out of the beige of the 


of As S L p 


f 


5 


Ys 
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=, 


2d. Find the . Apq = 40 as before, then ſay. 


7 40 
to A 62 yds one quarter 
So is Co. Sine 50 
pode Diäanee 73 89 


wer. 


enn 


el of a tau Foot Rule, on any. thing lk of 4 known * — 


G 
3-191933 

1 752392 

594254 


1.868579 


Hence it is found to be 74.39 2 foat of the 


Pl. U. Fig. 44- 


Height, to fiad the Suns altitude. 


Let A B, be a two foot rule, -r-Qed 


pe pendi ular to the ia 


ie B C, cafting its ſhadow to C, meaſure the length of the ſhadow 
C, and ſuppoſe it to be 36 inches, then you will have the baſe B-C, 
« perpen.i cul r A B, 4 ind the 32 


] thus making the baſs B C. radius. 


As baſeBC 36 u 1.556303 

to I. radius 45 o e, 

is the perp. AB 24 1.380211 

the Tan. Z. AC B 33 42 823909 

80 chen the ſums wy, is 33 4% - — 
There are ſeveral ways uſed to find the height of objects. "or their 


'ance from the place of obſervation, without the help of tri 
* 0 


P R O B IL E M. v. PL U. Fig. 45- 


is be regaired to ud the Height of the Tower An C b. by belp of « 


4 13 Looking Glaſi, or @ Bowl of Water. . 
eing upon a level with the bottom of the tower, down 2 
ing glaſs or bowl of water, or rather a flat piece of poliſhed ſteel 


in and 


fr OT at ſome convenient diſtance from the foot of the 


r, ſup 


the glaks in 2a rig 


until you can ſee the picture 


ht line between you. 
of the top 


- in the middle of the glaſs, your eye being then at E, and feet 


meaſure G C and G P, and alfo the height of your eye E F. 5 
, by the rule of three E G : FG: : Ge: CA, the height | | 


E % 
* - 


+ roger required. 


PROM 


* » 4 \ be 


* » 


* = 


2 — =- ls « 0 


— es 


— . awe ce ili 
- 


— 
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PROBLE M VL NU. Fig. 46. 


7. fud the height of a „Free, Steeple, Sc by a Carpenter's Square, 
or any we ftrarmght Rulers ; ſet at rig 7 2 22 
har paint, tein, Jer upen « ff of bee erb, in ſuch f 

you may jee the . int: A and C, along e 1 
* TD 


'ift The muare, being fet and ſines imagined to be drawn from B, 
ic rn ABR, 
zch. abars, Jem cms an ack * 

V+ cn you have meaſured FE, and A D in ſuch 2 B. is 
divided in o, as feet, inches, Ac. then it will be, a“, k BF; «+ 


AD : CD. the Leight of the houle, tree, ficeple, &c. 
PROBLEM VI. PI. r. 47- 


Iuit be regiadis for the Diflnc of the Tower THE Lou 6. 
Station at A, cr GW. 


Set up a __ at C, and go any convenient diſtance, ſuppuſe twen 
fret from berce o F, fo that the line EG, may be at right angles 2 
the line A H, and there fer up anocher ſtaff 

2d. Walk from G, leaving it in a right line with H, any diſtance, 


ſuppoſe at A = 376 feet, and there ſetup a third tick 


3d. Go from A, towards O, at right angles with A H. until you ee | 
the flick, that you ſet at E, in the ſame line with H, and that u ill be 
when von come to C, then meaſure AC, which let be = 171 feet. 

Ath From A= 114 teer, ſubt ad GE = AN = 120 feet, and 
there will remain N. C enn 
= AG: 6 


— in the Field, as h . „ 422 
Anno AH. you may proceed thus, Pl. II. Fig. 49. 


ft. Go from G, any convenient diſtance, ſuppoſe to A = 10 feet, 
towards H, leaving G in a right Ene with A, and at F put up a flick. 


2d. Go from G 10 teet to E, leaving C, in a night live with H, 


and at E, fer up another ſtick, which will be rwenty let of that 


at F. 

3 Take a piece of packthread of about 30 or 40 feet with a 
Joop at each end and dcuble it, ſticking * . 
and then put the ſtick at P, chrough the and that at E, through 


the other, then meve from the line A H, as far as the firing will leg 
o, nearer or farther f om the t. wer, until yoa reach the middle 
adj each half between the ſticks, at e and 


Lk I 


you g 
the ſtring w here you ftuck the 


9 


9% 


ne Univenzat Navicarot £2. 
rad ſuppoſe it fall upon the point a, then in chat p int, ſet up another * 
Kick. a . 5 ö . pd — 


Aen. Having done thus, take the loop of E auf F, and put the fick 
at G through one of them, and with the reſt of the ſtring, go out 
towaris P, until you have b, in right line be · we en yourterf and G fo 

ill the ſtring, being laid in this poſficion, as P G, he at right angles 
rr G to E, then take a line 
nine yards long, yg end by a |» pat &, and the other at e, 
then move out until e h, be five yards, then wil G h., be four yarts, 
and fo the triangle e h g, will be a right angled triangle, right 
9 | 


— — é — — — — ͥ — — 
| — | | | 1 b 


| AVIGATION texcheth how to conduct a ſhip through the 
1 path.cfs i cean (waefe ncthiny is ſe-n tor ſevera . days: bu: ſky 
and water) rom ne port o another the ſir rrett way, and in the 

ſh-rte!? time poſſib e, to aay part of tne kun world. © | 

| Navigation may therefore be d vided into two general hranches, 

| (viz) domeuic or home — which is the coalting or failing 

ſho.e in places not far diitan: ; and in fight or ſoundings, as 


| hberwcen England, Holl nd, France, &c for the performance of which 


I there is required th:: c -mpals, the founding lead and line with a com- 
ent knowle 


ge of the nature of the lar ds or c-aff, the ſoundings, 


1 | „ ſhoals, rocks, &c. wich the knowledge of the ſetting, flux or re- 
: | flux of tie ticie 64 , 5 L ' „ 29 885 J 


2. Remot”, h ch mote properly is called navigation, is that where- 
by the induitriou> mariner directs the y t any Hort in the habitable 
world, and kn. weth' at any time what place the ſh p is n; in reſpect 


0 to latitude, longitude, con:fe or diftance, the initruments that are uſed - 
in this art, are 1ſt. A pair of compaſſes, a plain ſcale, a gunters 
ſcale, the plain and mercator's charts, a gain or common compaſ;, an 
ty azimuth compaſs, a ſea quadrant, a fore ſtaff, an almicanter's ſtaff, a 
at MA ſcheme or grojedtion of the Mer diam or parallels of the Glebe in Plaus, ö 


- Explanation. Lat the Eircle' EN Qð repreſent the ircumference 
of th- terre [nal gl be, and N the north point or pole, S the {-uth pole 
the circic NQSN th» general meridian, and let N 5; one d ameter re- 
ent the fi. it meridtav paſſing over London, and imagine a line to 
rt this. globe round equidittant from the north and-fouth poles, as 
Z Qi is called the equinoctial 6 
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4 from one pole to the other throu as many degrees, or points of 
2 you pleaſe as N 2 8 N 30 8 &c. theſe circles are 
© called meridians, upon which latitude is accounted rom the quator 
both ways to the north and ſouth poles to go deg. and the c.rcles 10, 
10. 20, 20. 30, 30. parallel to the equator, are called parallels- of la- 
titude, on the equator we count the longitude from the center C (re- 
preſenting the firſt meridian, or London) increafing eaſterly to 180 and 
weſterly to 180 from the ſai meridian till the account ends in 
the oppoſite meridian, on the other fide of the globe. © 
The diſtance of any one place from another, is the ſhorteſt ine in- 
tercepted between theſe two places, on the ſu face of the earth; hence 
then as the terraqueous globe is a round body or ſpherical (as has been 
demonſtrated) all lines drawn upon the ſurface thereof muſt be ſph-ri- 
cal, or arches of circles, and therefore the diſtance between any two 


_ | Places muſt always be an arch ofa circle ; tho” indeed a ſmall part of 


. 


— 4 (it being of 2 a magnitude in the whole) differs not to 
our ſevſe from a plane and the diſtances of two places not far diſtant as 


Obſervation, 1. Nature her ſelf has placed no particular beginning 
or term of the earths extention from weſt th aft, r from eaſt o welt, 
(or according to the equator) hence any meridian s may be taken tor 
the firſt meridian or beginning of longitudes every ſuperficies whether 
plain or curved, — and meaſured by two diviſions, or ex- 
tentions, the one is called the length or longitude of that figure, or 
ſuperſcies, and the other the breadth or latitude thereof, but the ſigure 
of the earth being ſpherical the dimenſions thereof are equal; and fo 
length and breadth, or latitude or longitude muſt not differ, but only 
according to our conceptions that theſe two terms may be more 
obvious to us for ſeeing that theſe meridians do all meet in the poles, 
of the earth which are always a ſemi circle or 180 deg. aſunder from 
each other, this ſemi circle we will take for one of the earths dimen- 
fions, and ſeeing the equator's equidiſtant every where from thefe two 
poles, is continued without interruption to a whole circle (or 360) we 
will take this for the other dimenſion of this ſpherical ſurtace, this 
being a whole circle is longer than the other, being only half 2 circle, 
therefore the equator muſt be the meaſure of the earths length or lon- 
gitude, and the meridian the meafure of its breadth or latitude, 


2. The circle you ſee on a clear day, where the fy and ſea ſeems to 
meet all round is called the ſenſible or viſible horizon, parallel to 
which at the diſtances of the earths ſemi diameter is the true horizon. 


zd. The point in the heavens directly over your head in all places 
is called the zenith, and the point under the feet is called the nadir 
and are each of them go deg. from the horizon. 


Now if we imagine circles be deſcribed in the heavens round the 
globe all meeting in the zenith and nadir as the — 2 
| poles, 


—— 
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poles, and to cut the horizon at right angles, a“ the meri dans do che 
en uin Ctial, theſe circles ar? c uled azimuths in wt ich the hin i every 
minute of the day, except at noon when he Is on ine mecidian. 


ah And if there be imagined parallels to the horizon uu ard 


towar!s th. zenith, they are aimicanters or circles of altitu e, or 
heiglic ot che ſun and ſtars above the * 


5th. Amplitude of the ſan or ſtars is their diſtance frum the eaſt 
point of the h viz» to the northwar! of their rifing, and [rm tae welt 
point northerly or | utherly at their ſetting, acc .rding as the ſun or 
ſtars is to the northward, rlouthward of the equinottat. 


th. The courſe is the ru nb or paint of the o mpiſ, which 1 hip 
fails on reck ned from the north or Huth t. var the eait or weit, and 
the compl-meart of the c urſe. is the painy of tue compals ſteered, 
reck ne. rum the eait and welt th wards che north, or ſoutn, or the 


reſidue (or ee of the cuurſe when taken nom 90 deg. 


>th. The d: 3 is tie number of miles or leagues the ſhip ails 
upon any c-urſe or point of the c mpafs. 


9th. The difference of latitu le, is the differenc- hetween the lati- 


tu de fatied tr m, aad che latitude the ſhip is come into. 


th. Departure or meridional diltance, is the number of miles or 


. leagues the ſhip hath ma e, eaſt or weit, from the meridian, (or north | 


and ſouch — the departed from. 


PRIMAR V PROBLEMS. 


PR 0 B. I. Given the Latitude of two Places, required the — 
of Laii:ude between ther. 


Rule rf If the ty, plices argen the ſame fide of the equator 
(that is, b th ir north er beth in ſouth latituce) their difie:ence is che 
difference of lati/ude r-quired. 

Rule zd. If tne olae are on the contrary fidÞ+s of the equator 
(that is if one b> in north an the ther in ſouth latitu - their ſu u is 
the difference of latitud required, © - 


„Ter 1c. What is the difference of Ititade berween the Lizard | 


Macera. 
Lizard in 8 5 49. . . Multi. 
Madera Latitude a 60 | 
Remains | 3 10 51 Miles. 


the & of lat. required, AS 


he Unrvzisal NAVIGATOR. 


TA zd. What : the difference of latitude between St. Jaco, 
he iſlands of Cap? de Verd, and St. Helena, an iſland in the 
1 Lal lea? 


20 


N. M. | 
To th- lat St. Jago -- 14 f6 NI 3e 41 Multi. - 

Ad iat. St. Helena - 15 45 8. 1 

This for is diff. lat. 30 41 184z Miles, 


Xx vs lat. required. 
P R W 3 L EM WT 


Cres one Latitude and X « of Latitude, ' Required the Latitade cams 6? 


Rule ii. The ſhip in north latitude. 


1* It the courſe be northward, ſhe raiſeth or elevateth the a 
asd eth her : .utudes, and therefore the X of lat tude (reduced 
tt dey ie 5, Ard miaut s) mult be added to the latitude rom whence 
t fp — trim, the ſum will be the ſhip's latitude north. 


Ex A 8 ppote from the latitude 32. 25 N. a ſhip fails due 
A e 31 min. — RaR_ A 


I 


Fo the lat. - - - 32 25 W. 


Ad toe differ. of at. - . - 17. 3t N. 
Sun i« the lat required. wm. — - 45 56 N. 


Example. If fram che latitude 40. 30 N. a ſhip fail fut l wand 
wit! the diference of tirade be 25. 15 what latitude is ſhe in ? 


From latitude departed 3 40. 30 N. 
| Saduract x of latitude - - . 
Remainder is latitude | 8 — 15 1% N 


Nu. Has ee be nend and the ener of latitude 
n . and min. — the 0 
from; the ſaid 1 ben ae ee, and 


Example. . 20 N. a ſhip fails ſouthward 
till — of laitade be 5. y what lactude the 


is iu ; 8 
From the diff. of lat. - „ 
Subtract the departed lat. - - 2. 20 N. 


Remains the required la. 5. 
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Rule ad. The Ship in Sewrb Latitude. 
If the ccurſc be f uthward, the ſhip raiſe:b the ſouth pole, or in- 


creaſeth her latituce, and (cp the difference of lacitude rcuue d ii to 


* deg. and n in muſt be added to the latitude ſhe departed fn. .. and 
' the (um ſhall be the lacitade the ſhip is in. 

Ir the courſe be nor:hwarc, ſhe decreaſeth her latitude, and then. 
fore ihe differ: nce of latitude reduced t deg. 2nd min. uſt be ih- 
tracred fron, the atituve ſhe departed from, and the rexainder is the 
ſh p' 'aitu. e i uth 

Note it the c. ve be northward, and the dif. of lat. be grea er 
than the l titu ue ihe ſhip can e em, ſubuzdt the ſaid la · uge ir in 
u e redus ed diff. ot iat ud the NI. acer will be the ff ip's lat.: de 
north, and coniequently the Kip hath croſed the equincetiaſ. 


To jud whether you mf Sail d or Seth ward, ue. ary = 
nr 626 5 


1. If y-u fai! frem - 
fouthwaro, but if trum a 
north va d 

2. If you ſail from a greater ſouth latitude to a leſſer the courſe is 
WWW 
| ward. | 
f « ſhip ſails from a merch latunde to a ſouth latitude, the court. is 

ſouthu ard, but if fic m a icuth atitude to 6 north latitude the courte i is 
nurthward. 

It a ſhip fails eaſt or weſt, ſhe Win and makes 
| — or ji uthing, but her diftance and departure will de e 

If a ſhip fails rorth or rr in the ſame longitude, ard 

makes no eaſting or weſting, 2 dittance and difterence of 
latitude i the lame. h 


- ſouth Jatirude to 2 leſſer the courſe is 
north latizude to a greater ti e courie is 


1 The CunsTRUCTION of the PLain Chant. 


Thos Charts are cither General or Particular, the Geametrical 


D_ Nor the equator e 
or degrees, and through gh exch degree or (aa here) exch 10 degrees ra 
a ..erpencicular Ine which mn the meridians of this cha, 
divide theſe meridi .ns into go equal parts from the equa: '1r, 
towards the northward or ſouthward, —_ draw lines paralle; to 
the equator, which ſhall t the parallels or circles of latitude as 
} the meridians did repreſent tle circles of longitude; upon this chart 
| then you may by help of a able of lcide et of plac 
- | Bug ; 


R 
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1 But ſeeing enen ti this chart) that the metidians have no in- 

= elnatcn ta (ach other, bu: are all par«licl to each other, and divided 
teqraliy as the equator; therefoag.at yc u inſert thele plagr.s accordin 

to the: true latitudes and longit , then ſhal! the; courſe and . 


tance aiiagree with the globe, and it ycu {et thete ph ces vpen this 

char acc Tding to their latitude and cifan-e, ther will their courſe be WE ; 

Tu, but their longitude always erronrous, as will be proved in the - 

ule of Mcrcator's chart. 

2d. The conftreQion cf the particular plain chart is the ſ me with 

that of the genera; ard cificrs ovly n its extent. d made generally 

for im all fart cf the, uri, with (ne ur mere r ail comp, „ler and in 

the middle or c rners to ſhes by the rÞun bs er points ef theſe the 

be:.r1ngs or polith n of places zu d alt a icale (flags Her meaturing 
the ſari diftances f plc; the merician is alto a c e ot equal de- 
; grees ard may ſ Ne kewitc © nieaiure the aid diftances. 

Laſtly Jeet cegire © the mendian is Gdiviced into as many WM 
equz. parts as its be a will admit. f, the chart is rendered fit tur any £4 
manner of ule that it may be app ned to, and 5 


1. To lay dexwn any place upen this Chart, according to its Latitude and 


L-nguuce. | | . 

h the degree · in the ne ridian anſwering to | its latitude, | 7 

How an occult parallel of lati-ude.- - 2 5 
7 2d Lay Aacuier over tne degree of its longirude and draw an occult x ; 


meridian wire this cuts the paraliel of latitude betore drawn, is the 1% 


— required. 
1. To % down cs pls by its Bearing and Diane Pick it. 


=> | Afer having found out the rhumb line anſwering to the bearing | f 
v, through the ple ce propoſed, and parallel to the rhuniÞ, draw a4 

te and ſet off upen it (from the given place) the diſtance g.ver in 
_ parts of the graduated meridian, and the point thus found | + 

| 

x W the difference of Latitude and Bearing be given. j 


be the your required. | 

1 Conne the difference of latitude either northward or ſouthward (2 

[ the caſe requires) on the divided meridian, and from the given lati - 

| - + tude, draw the parallel of latitude paſſing thr: u b the fame, and lay a 

4 ruler over the place and parallel to — — une given, where it cuts * 
* before drawn, it gives the place required. 


| 
ah. 1 6 Go 


— — 
| Having drawn the nel as before, (by the help of the eiern 

of latitude) take the diſtance between the points of the eompalſes, and ©... 2,5 

ſet one foot in the place giren, and with the other croſs the parallel“ 

[ ED 1 E 
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The U 4 Naviearon „ 
ee Differer ce of 1-ngitude, meridicnal diſtance or gen 
fro a he wer an fignity(in the plain chart) one and the ſame th 
and 83 diſtance of any to meridians, it ſheweth how "far * 
one p ace 15 to the ea ward or wedwald of another. 


Example * the Uſe of ihe plain Clart. 


70 find the latitude of any place i in the chart. Example, what is 
the latitude of the Lizard in Er.gland. 


it. Take the neaet diftance from the Liza, 'to any parallel, 
lay tuat diitance on the graduated meridian from the fail parallel 
_ aid the moveable, f ot, hewech 50 det. nortk latitude, becauſe 1 It is o 
nort yard of the equinodtal, and fo for any other place. BY 


— Meridional diftance or X of Longitude be taueen any two Places 5 
in the Chart. 3 


Example What is the meridional diftance (or weſling) feom the 
Liz rd to Cap? Finittere ? 

Take the nen: eft di ance from the Lizard to a meridian, and 
the comoaſſes with one fot on it, an che other — 
both fee: come to the »arralle; f Cape b n ere, then tue viſtance from 


the pe: pendic u ar, toot to Cape Fini er. 53359 
di an is 3 beg or on the ſcale of leagues 00 


To find the Courſe or bearing of one Place from anather in this Chart, | 
Example. I demand the courſe from the lizard, a ths iſland g 


ra ? 
iſt. Lay a rulers edge on the Lizard, and the middle of n 
take the nearett di dance from the - ceater of aay 3 wo. the 
ruler, and ſlide the compaſſes along by the ruler, keeping one foot © 
rpendicular to it, and it ſhewe th among the rhuwb lines the courſe 
to be 8 S W half W . . 


4th. To find the diftaince between any tw Placks in thi Chart. 79 * 


1 Extend the com s from one place to hs edi and apply 
| the -iſtance tw the le of leagues or to the graduated meridian, the, 
jr 2 in es, the latter * this is s f 
Plain and eaſy, that it needs uo cum le. : 


Phe Load he Uh 5 axd ber Meridional Diftance gives ; 16 fat 
| in the Chart wwhere the Ship 8 in. 


| 4 of the * diſtance (aceordi ing to its al a = 
eaſtward or weſtward fr--m the place (you failed) j:3 counted 8 % 

6 | Tal thin the neareſt as 2 a. be kept. © 

N | in 2 


- 


„ m 
. . 
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| in one pair of compaſſes, and with another pair of compaſſes take the 


neareft diftance of the latitude from any parallel cr caſt and weſt line, 
then move both pair of compaſſes perpendicular, one to the meridian 
the other on the parallel, till both perpendicular feet meet and there is 
the place in the chart repreſenting the place of the ſhip required. 


By the help of theſe propoſitions may the mariner diſcover upon 
what courſe, and how far he muſt fail to arive at his deſired port as 


alſs to lay down his ſeveral —— and thence find the ſeveral 


„he arrives at in the end, and fo be able to alter his courſe anew, 


i order to gain any port in the ſhorteſt time poſſible, but though this 


way is expeditious, and a natural repreſentation to the mind, 
aq not adviſe the young navigator to depend wholly upon it, - 
t keep to his account by calculation according to the method here-, 
after ſhewn, and if at any time his curioſity ſhall lead him to examine 
how exact he has been will be of great uſe. | 


Praix SaiLIinG. Geometrically, Trigonometrically, and Inſtrumentally. 


Caſe 1ſt. The courſe and diſtance being given to find the difference 


Suppoſe a ſhip in latitude 45d, 45N. fails NE be N 207 miles; required 
departure. | 


her dif. of latitude and 


The Geometrical Projedion. Pl. Il. Fig .46. 


Draw A B for a meridian or north and'fouth line, make the Z. A 
== x- points or 33. 45 from the line of rhumbs, or chords, on the plain 


rale, draw A C which make = 207 miles from any ſcale of equal 


parts, and from C let fall the perpendicular C B, and A B will be her 
X of latitude, and C B her departure or eaſting, g. A = fine courſe 
and . C fine comp. courſe, and £4 B = radius or fine go oo. 


ABandB C being each meaſured on the ſcale of equal parts 
A C was taken from, the firſt gives 175 miles for the di of 
latitude, and B C = 115 miles for the eaſting or depa rture. 


Trigonometrically by Artificial Sines and Logarithms. 

A. rd - 90 00 - 10.00008 
L to the diſt. - 207 E63 3 2.31597 
80 is Sine courſe < 33 +45 "= 9.91985 
To the departure 113 — 2.06271 


' As 


a „ iy 


» v» vv „% 


= 
Re 


CER 


2 


2188 
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As ral 3 - 99 oo - - | 10.0000 o 
1; to the did. - 1 - - 2.31597 
80 is 5. & courie . 56 15 - 9.91985 


To the X of let. 172 - 2.29582 


Erithmetically by Natural Sines, making Radius = 1. 
Then 1 : 209: : .5556, Then 209 X : 5556 = 115 the 


dep«rrure. | 
And 1 : 207: : 8314 Then 207 Xx 8314 = 172, the dif- 
ference of latitude. ' | N 


IssTRUMENTALLY. Extend the compaſſes from radius or fine 
75 OO to S. 33 .45 on the fines, that extent applied from 207 on the 
ine of numbers will give 115 for the departure. | 
Extend from Sine go . 00 to S. 56.15 on the fines that extent from 


207 on the numbers, gives 172 the departuze. — — = 2 4 
Lat. 45 -45 


— CG 
Latitude the ſhip is in. 48 37 
The Uſe or Practice of this Cafe. 


1ſt. By chis your dead reckoning is kept; by it you calculate 
the ta le of diff-rence of lat.cude and departure ; fo very ui 1s this 


| eaſe, that you may wok a traverſe or day's log at fea, with great 
| eaſe and quickneſs. w | 


Note. But the given files and angles are marked in the projections, 
with (—) ; and the required ones wah (0). N 


C Caſe 2d. The Courſe and X of Latitude being given to find Diſtance 


and Departure. 


Suppoſe a ſhip in latitude 48 . 30 N. fails N. W. half W. or 
N. 50 38 W.) until by obſervation, ſhe is in latitude 53 .49 N. I de- 
— her diſtance and departure ? 5 

From lat. obſerr. 50 491 From rt go .o 
Sub. lat. dep. 43 30; Subtrat WK XK 

S. C. Coucſ. 39 22 


And 2 .19 X 60 = 139 5 
ns Geemetrically Pl. II Fig 47. | 
Make A B = 139 from a ſcale of equal parts, and raiſe the per- 

pendicular B C, make the £ A = 4 and a half points (the courſe 

om the chords, and dra A C, to cut the perpendicular B C in C, 
then is A C the diſtance failed, and B © the departure. To meaſure | 
which apply AC and BC to the ſame fcaleof equal parts, the fi ff gives 

219 miles, the diſtance and the latter 169 miles for the weſting 

er departure, was required. 
| * 2 N Trige- 
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Trigancmetrically. f 3 3 
As fi. com. co. 39 .22 9. 30228 Avichazticaly, 5 hy : 
Is tc: d. or lat. 139 2 14:0: K 5 
SO 1s radius 90 co io coco E22 5 0353 


N. 8 50 38 7731 
To tte diſt 219 2.3407 6353 2139 2: I 25 = 219 
| 35 
As radius 90 co 10.000ce 219 :: 7731 7781 & 2192 


B to he Ciftancc 2 2 34974 | 69. 

So is fi. courſe 50 38 82. 

To the dep. 169 2.42898 | | 
- Hence it appears that the diſtance fund arithmetically 18 219 

miles, an ce, artur 16% he ſame as bef re. ROY | 

I. um e y. Exte d im fine 39 22 to finegooo that exteng, 

laid upwarcs f M 139 bn the numbers gives 219 the d. ſtance. | 


2. Extend from tive go 09 to line 50 33 chat extent laid down wards 
from 219 on e numbers 


ow popes > gives 109 miles fer the departure being the 
A TatLE of given natural Sines er given Numbers. 
A roints.) Latitude. E eparture | Counts. 
| 3 : * 3 | 
02 | 9988 90488 „ 
F 1 8 
0 9892 3 3466 1 
E „ 
| 13 9 01 „ 2 I 
| y 54 | 9570 | .2899 EY 5. 
„%% ACE” 2 : 
F 1 | 6 
„ 9040 5 4276 = 3 7 
1 8820 | . 
„„ 
4 8315 | 5550 W : 
#8 | Wn | as | & 
- $1 Ji | 47 
35 | ao. a 16 
. | on 3-3 


— 


1s to the diſt. 289 2.400109 


Caje 4b. The Diſtance and. x of 
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Note. The nig or muſt be ſure to -ake an obſervation by the 
ſun, or ſtarz. 25 n a he has -prortunity (very noon and at night) 
and ſee : wn bet uly Hared, arid ih en it he finds the diffe- 
renc? of ti ud fro n yelicrdiy's obſervation, di ſagree with the dif- 
ference oftitud: by dead reckoning, found by the firſt caſe, tm 
let him te the courſe Reered, ard the obe ved difference of latitude 
and find the correc: ed diſtance and d-parture by this tecund caſe of 
plain ſailing. | | 


Caſe 34. Ie Crurſe and Departure being given to find the Diſtance 
2nd difference of Latitude. | 

Suppoſe a ſhip in latitude 31 deg. 19m. N fails N W by N half W 

making ber departure 188 miles what is her diſtance run, difference 


of latitude and the latitude ſhe is come to. Pl, Il, Fig, 48. 


 Geometrical'y. Make the angle B AC = ; points and a half = 
39 deg. 22m. with the departure 138m. draw DC parallel t. tne meri- 
* AB, ull it meet the diſtance A C produced in C the ſhips place. 

From the point C let fall the perpendicular B C and A C and B A 
mealured an the e gal pa te you er trafted A D from. gives AC 289 
the dittance aud A B 223 tue difference of latitude require. 


„ 


T r1gen: mitr: cally, | 25M 
As fi. courts 39 42 9 028 Arithmetically by Natural Sines. . 
to the dp. 183 2 2024.1 


So is radius GIO 0 I. TOO Nat. fi. 39-23 — 6353 


: t Nat. f. ge.3* xt 710 
To the dut. 22g 2400.09 | 5353: 183:: 1:0353)1583 ccoo( 


As radius 90 00 19.00000/ 


: : 41: 289 :: 7731 : 7731 x 289 
is S. C. C. 50 38 9.858237 | = 223 the difference of latitude, 


To thed. of lat. 223 2.343306 | 
223 


— 


And 1 deg. 43m. latitude 31 19 north. 
Difference of latitude - 3.43 worth 
Latitude come to 35-02 north as required. 


Inftrumentally. Extend the compaſſes from ſine courſe g 22 to 
oo on the fines, that extent reaches from 183 to 299 on the num- 
rs, th: di 3nce. 

Extend from fine go . o0 to fine 50 .38 that extent applied 
from 289 to 223 on the number gives the x of latitude 223. N 


Laritude being given te — 


Suppoſe a ſhip fails in the 8. W. quarter from the latitude 25 .02 N. 
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making her diftance 289 miles and then by obſervation is in latitude 
31 -1y N. what courſe hath ſhe ſteered, and what is her departure. 


<> — —_—_ A 


x Fr--m 35 02 3 +43 : 
_ 31 191 60 , 
X Lat. 3 43 223 


Geometrically. 1ſt. Draw A B, the meridian, on which ſet 223 
miics cr the X of latitude from A to B, and as the courſe is weſterly 
rie the perpendicular B C towards the left hand, with the diltai.ce 
fi ied 289 mules or equal parts in tae compaſſes, ſettiug one foot in A 
the place departed from, with the other croſs the perpendicular in C 
the place the ſhip is in. Sce PI II- Fig 4 

Mer lu atiou. Meaſure the arch of the angle of the courſe on the 
ch ds gives 29 deg. 3om. the curſe ſouth wetteriv, alſo apply B C to 
y-us icale of equal parts and it gives 184 miles the departure. 


Trigonome!rically. : 
As the c:ſt. - 289 "as ' Arithmetically by Natural Sines. 
1 go oo io. c ; e 8 
3 289 2 + 2 80 : === 7716 
To fi. c. conrſe 50 30 9.887407 | the fine of 50 30 ſubtract from go 
5 oo leaves 39 30 = the fine courſe 
- Sub. from gooo gives 39 39 fi. co. | its natural fine 6361. 
x 1 : 289 :: 6361 : 184 anſwer the 
A: radius 90 co 10.c000cc | courſe „9 deg. ꝛcm. weſterly or 
Is © he diſt. 29 2 460898 | $ W by 8 half W and departure 
80 is fi. cou. 39 30 9.303010 | 18, miles QE I. e 


To the dep. 184 2 264308 


Inſtrumentally. Extend from 289 to 223 on the line of numbers, 
that tent laid from radius or fine go po gives fine 50.38 the S. Co. 
ceuric ; then extend from fine 9o .oo to fine 39 .30 that extent laid 

fr. n 289 on the line of numbers downwards, gives 184 miles the 
1 departure required. 

0 Tue uſe of this cafe is when you miſtruſt the care of him that ſteers 
the ch p, that he has let her fall off, ot that you have neglected the 
va ten, or met with thwarting currents, and aſſured your diſtance 
u ght dy the log, then with this diftzace and the true X cf latitude 
i by otervation find the courſe and departure by the fourth caſe of 

* Pn ſailigngg. 5 ; 


Cuje 5th. The Diſtance and D-jarture being given, to find the Courſe and 

, X of Latitude. | 
| Suppoſe a ſhip in the latitude of 40 deg. 15 min N fails in the 
N. K. quarter 315 males, until her departure or eating is 277 miles, 


. 


e ew 


L- 4.4 
* 


7 


MN 6969 


e - 
31 


—_ 
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l deſire to know the courſe ſhe has ficercd and latitude ſhe is come to ? 
Inftrumentally. Extend from 315 the diſtance to 277 miles the 


departure, that extent applied the ſame way from fine ge oO gives 
fine 61 38 the fine courſe. The extent from fine 90 co to n, 


28 29 the S. C. courſe, laid from 315 on the numbers UG A WACUS, | 


gives 149 6 mules, the difference of latitude required, 
Geometrical Projeficn. Pl. II. Fig. 50. 
Draw the meri ian A B, aud ercct d ve! ren ular B , hech 


mak 277 miles the departure, with the di.ance + mM .&$ 
in your compaſſ*s, and one foot in C, the ſhip's place, the © ther «il 


crofs the meridian in A, the place departed from, then draw A C we 


diſtance filed N. the courſe, and X of latitude A B, meaſured as in 


the caſe before, you find the courſe N. 61.39 eatterly, and the X 
of latitule 149.5 miles. 


Trigenometrically 1 Arithmetically e Natural Sines. 


Anſ-er. The courſe is N 61 „ e E. N. E. a 
vearly and her departure 149.6 miles as required. 


40 15 N. (Latitude comes to 42 45 N. 
42 45N. - 


Caſe 6th. the Difference of Latitude and — fond 
the Courje and Diſtance. 


Su ppoſe a ſhip in latitude 50 33 N. fails in«heS. E. 
until = x of latitude be 220 miles and dor arture 108 miles, I de- 
mand hes courſe, and diftance, and latitude come to. 


Geometrical W PI. II. Fig. 51 


Make A B, on the 2 220 miles, the X of latitude. 


Cort - 


Ins 


As the diſt. 315 2,4983H1 5 +. 
Is to radius go co lo, oo . 7 11 * ” 
So is dep, 277 2, 442480 [the N. S. 61 39. 

| 
To fin. cou. 61 39 9.944169 From 90 ©0 
| Subtra@t 61 39 

As radius 90 00 10,000000 | — 
Is to the diſt. -315 2.491311 | N. S. thereof 28 21 
So 1s ſi. c. e. 28 21 9676532 Is „47 48 

15 And 4743X315 = 149 54, 
To the di. la, 14 ,96 2, 174843 | 
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Raiſe the per-cendicular B C, which make qu: : 153 miles the de- 
part re, draw A C, then the . BAC, is the © rrſe: and AC che 
diſtance of the ports, and are meaſured as the 4i!»-caie befere going. 


_ ically. bs As S. coure 23 og 9.64416 
A; the dif. lat. 220 2. 34242 | "> Departure -08 2.03340 
Ito tan rad. 4; o 10.co000 | So is Radius 90 o 10,00000 


Go 1» the dep. 108 2.03342 
To tan. courſe 23 © 969100 


To the Diſtance 2433 2, 38926 


The courſe is N N W ſomewhat 80 z K. lat. dep. 
more than half deg. weſterly, the c iſt. 3 40N. X lat. 


540 


46 53 N. lat. come to. 


220: 1: 108: — —= 1 Inflrumentall;, 


natural tangent x 2 3,083 whoſe na- | Extend from 2:0 the difference 
tural fine is 4405 then ſay, ot latitude to 108 the departure on 
; the numbers that extent applied 
| from tangent radius on the tan- 
gents = 25 08, 
1 


Again extend from S. 23 Ree go oo upon the ſines, that ex- 


tent applied from 108 upwards on the line ot numbers gives 245 the 
the diſtances, 


2d Su - 8 ſhip fails between the north and weſt 


until her X of latitude 359 miles, and departure be 456 miles, I de- 
5 8 


Geometrical ConftruSion. Pl. II. wt 52. 


Of this figure is the ſame as in before going 
Taſtrumentally. Extend from 30g x of latitude 456 the de- 
» that extent laid from tangent 45 deg. oom. gives tangent 
55 53 that is increaſing from 45 00 towards the leſt hand. 


Then extend from fine 55d 3 to fine god oo that extent laid from | 
$55. _ * gives 550.8 the 


Trige- 


00 0 oO. oo 


tan radiu 3 

85 » the depes 430 2.05896 
— — 

To the courſe 55. 53 . 09. 


As S. courſe 55. 53 9.997 
Þ> to che depar 45 6 2.58905 


| the N. Tan. 
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6570 5 . : 
zog: 1: : 456: n 
A X ins 
hen lap, $279 


6: : +: $2 0 
456 7 75 $50 


Hence the wie is N. 58 
m. weſt.riy, or N. W. by 


n. fi. is 5279, 


/ 


So is rac; us 90 00 10. 000000 — 


To ti diſt. g50.8 ' 2740989 


as was required. - 4 


| Nate th diſtance is eail found ari the rook, 
* hmerically by ſquare 


30g 
09. 


t 


Queſtion 1ſt. Admit a ſhip in 2 deg. 10 min, S 


(erodannl th fo rhe de ae 
to find mmm 


Prodical Eibe, au, with mare able than rr. 


+... 4. 


* 
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err S 119 leagues, ie l 


in then, and der departure. 
119 X3= 357 miles three points and a quarter =» z36deg. 34 m. 
As radius go 00 10. 00000 
357 28.552666 
3634 9.77% 
— | : 
12.7 2.327738 


36 3 $957 
7322 


8 w. — 
by the ſhip is in 3 deg. 03 min. , 
— area | 


5 33 I tothe x of lat. 2 
| &o 5 So is radius 1 —— 


To the diſtance 295-5 2.470548 


ma 10.000000 
29595 8" » - 2.470548 
22 30 - - 9g-552840 


| Anſwer. — departs 1g. "Y 

% — 6 fails 8. 8. W. half W. from the latitvde 2 . 

|. 8. until the 59 leagues, 1 defre 10 know what is her dd. 
0009-208 EE Came to. 


7 | A 


23 7 
. 
, 


5 by 
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Trigenemitricaly. l From | $0 os 
As fi. courſe 28 07 9.5 3268 — 
Is to the dep. 59 1.770853 [S. C. CO. 61 53 
So is radius go 00 10. 00 110.4 
3 3 
To the diſt. 125.2 209754344 — 
6[331.2 


As radius 90 00 10.000000 | ⸗ͤ⁊·äͥwę 
Is to the diſt. 125.2 2.097 $4 5 31 X of lat. 8. 
Sous S. C. C. 61 53 9.945464 2 30 lat. 8. 

x ' * 


To che Xx of lat. 110.4 2.043048 8 .01 lat, cometos. 


As the dit. 360 
Is to radius 00 
So is & of lat. 170 
' Tok. c. courſe 28 11 9.074147 
I to the diſt. 360 2 556302 
So is fi. cou. 61 49 9-995193 


To the dep. 317.3 2.51495 


_ 360 1212: n= un 
the N S. of 28.10 4 
Y. of =814=N. 
S. 61deg. 49 min. the courſe, and 
360 x.3814 a= 317.3 the depar- 

ture. ah 


Or 8. w. by w. half W. the 
anſwer, = 


reſtion ,poſe a ſhip fails 354 miles in the N. E. 
* r de be 130 
354 - 
go 0g, - . 


- 
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A 90 0 . 3 1.000009 
P to the dil. 354 - — - 2.5 49003 
* c. e. 64 HH. - * 9-7 
= _ 
Ou 85 Anſwer. The courſe is N. 25 0% Eafterly 
Sub. 2 098. or N. N. E. r 
Lat in 3 1 N. 


Queſtion 6th Sailing in the N. W. quarter from a certain port in 
— 5. and then arriving ai an ther port in 3 -08 north la- 
tucr, which is atfo 209 miles to the weſtward of the firſt port, I de- 
mand the courſe and diitance trom the frſt port to the ſeeund. 


As the X of lat. 3.433138 
Is re 10. 0 | 
80 is the Departure 209 230546 | 

| a 
To the &. Comp. 34 x 9.533008 


C. : depanure: ; radius : d tr ce 34 15-209: : 90: ae 
Va | Courle n ie. alle. 369.7 mile. 


— 


1 


HEN af ip tems ſeveral courſe in 24 hours; thes the re 


8 tram that REESE 2 


” a - 


9 


the two next t'e diſfrrence of latirade to theſe courſes, ac- 
goraing as the are north 0+ ſouth, and in r 
departures bel ging to the courſes, according as they are eaſt or weft. 
Th-u they ſum up | the northings. and all the fou and the di? - 
fer nce of th ſe is the difference of Latitude made good by the ſhip the 
lit 24 u- which will vo no: th or ouch ace rd · ng as the ſum 
of the noich ngs and ſou thing is greateſt, the lame by taking the ſum 
of ail the cat ugs and ings, and kits aas the leſſer ot theſe 
from the gre ter. the difference t chieſe will be the departare made 
g by the thip the laſt +4 hour, fund as above, thy fing the wie 
court- and diſtance made good e the Whole by che 6th, calc of 
pin Wig val the cor to to the intented port. | 


- To Divide the Log Lin. 


It is concluded thar 316800 feet maices a de rees, or Go miles on 
minutes, then ihall one mile or minuc'e contain Gogo feet, this divided 
by 10. $5 anti minyu'cs n an hour, gives gj in the quo- 

the diſtance between knot and knot on the log line, then 
je lows if a ſhip run out one of theſe knots in half a minute, ſhe 
run» one m |- ja an hour; and when the — 
do hours then the dee of every courſe is 


To Divide the Log Lines to any Cl. 
I defire to divide the log line to a half minute gla of 27 ſeconds. 
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Then the pr po-tion is, s 30 30: 50: 27 
the ſeconds in hal. a minute: : -  ( 

. Is to 30 fest diſtance between — 
| knct and knot; Su is the lengh 250 
_ of any glaſs in feconcs : to the 100 
diftance between knot and knot. — 

30) 1350045 


— Projetie PL U. Fig. 59 


=» the foe I Of, .at pleaſure for a meridian or north | 
2 therein take a point as at A for the port failed fror, then 
the chords and one foot in A, draw the arch L m, upon 
te points from |, to m, nn 
f the diſtance 30, OATS Jar nes „hen 
all the ular BK, chen is A K 27 7 che Ferenc: of 
12 K = 11 .05 for the departure of the firſt caurſ. 


46 the Use Wavieared. 


a the @ upon which all the 
taken, wi'l be to be go miles, and 


ints and a haif apa thearch RQ. from R to d and from A through 

draw\the line A S, upon which ſet off 120, (the diſtance from the 

failed from to tae port bound tor) frem A to E, and the flop be- 

7 but at F. therefore th- line & H me ſured on the ſome equal puts 

that the refr vas taken from, ill give 3:, and the arch T V meaſured 
en the chords 15 35 12 or N. E. by N. iome what Eafter:y. 


By the Tnavenss Tale, By Juſpedtion. 


Here the ſum ofthe caſtings are 75 miles, which is 


departure; 
tie ſum of miles northing is 78 * 
Southing ſubtract 27 7 


—— 


Remaing, which is the difcrence of lat. made gi 31 1 | 
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As 8. courſe 


The Gznnnrart Rur. 
N. eaſterly place the > of latitade in the north 
in the caſt column; but when the cou ie is 
of latitude in the ſouth, and the departure 
to be failed to, diſtan: 129 


0 


T2 
44 


F 
2 — 
pt 


rie, and againſt it 3 miles for the diſtance, viz 
1 deg. 15 min. Eaſterly 31 miles = the | di 


wy 


the X of latitude made good by the ſhip was more 
of la: iude to the port boun i to, then ſubtract the leſſer 

and the rem. n er is the x f latitude from the fl. p 
_ of a contrary denomination, which ſeems to be 1 


x 
1 


b 


Hl 
Þ* 


Firſt draw the meridian line M R, in which aſſume a point as a2 Ag 
Et of the firit courſe and diftance, viz. N. N W. 68 fm A to B. 4 
5 for the ſecond courſe with the chord of bo, aud one foot in B, 1 
the arch T W, upon which fer off the next courſe >. S. W. 70 m,tç, 
Take the number of points, between the point oppolite to ue aft 


2 


oe 
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8s 
4 
- 


F 


20 
; a 
17412111 


redes 


* 


I 


” 
4 
oy „ 50 


44340 


ff 


To 
* . * 


& 


'<Lx 
> 


? 


= nt 


28, 


FILE 


A 
> 


Sh the Trnavenss Taste. 
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Northings | 104.8 
SLathings - - 124.1 
| Difference of latitude | . 1 
Zaſtings — —; ER 134-4 
Weitings - - 114-5 
Departure = S - 19.9 


& 
Hence by the traverſe tables we find the xt of latiiude 20 and 


departure 20 neareſt in miles; the courſe made good is 4 points or 


4; deg. then ſay, 


o"d from the por: departed from; but the port intended for bearing 
S. W. 55 leagues from the port departed from, its X of latitude 40 
leagues fouth, and departure 40 lea, ues weſt, and ſhips X of latitade 
20 leagues eaſt ; hence it appears that the ſhip's x of latitude to the 


As fine 45. 00: fi. 90.00: : 20: 28 .3 miles, the diftance made 


port be und to is 20 leagues, and her departure is 45+ 20 = 60 leagues | 


weit; now having the Xx of latitude and departure, we find the courſe 
2 


As the difference of latitude 


20 
Is to the tangent radius . 45 o 
So is departure | 60 oo 
To the tangeas courſe 71.34 5 
As S. Courſe 7134 
Is to the departure 60 
So is radius 90 . oo 
Tothe Grace 03 .3 


a ſhip from the latitude 


— 


r 
(viz.) S. E. by S. 29 miles, N. N. E. 10 m. E. S. E. 30 m. E. N. E. 


30 m. 8. 8. E. 10 m. N. E. by N. 29 m. Weſt 26 m 8. 8. E. 10 


m. W 8. W. half W. 42 m. North 115 m. E. half N. 62 m. N. 


* 


Apt 62 m. North 1 m. South to m. Weſt 62 m. 


th - m. E half S. 62 m. South 11 
N. N. E.. 10 m. 1 demand the court: 
the latitude come to. = 


m. W. N. W. half W. zz m. 


3 — 
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EY E | 
Rank | 


211.6 
211.9 


263 2 | the 
233 4 


E 


20 les, North 8 miles 
E 29 males, 
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. 


4 
7 miles, SE 6 miles, NE 


i 


The Traverſe Table, FI. I. Fig. 6a. 


wr 8 f. 


Z 
* 


eaftin 
x of 


Ns 


— 2 * 


. 
* 


6 4] 4-2 


7 


435-4 
14.9 


as” as id 


35.4 
140 
By ſuming up the northings, ſouthings, 


and weſtings; we find the 


949 


462; 


K 


ons wa ahh 


5t The UnivensAL NAVIGATOR. 


Queſtion 5th. Suppoſe a ſhip fails from a certain road in 
latitude 55 deg. 33 min. north, and meeting with contra 
winds, ſa Is theſe i veral courics following, viz. N W. by N. 
40 miles, Eaſt 15, N. E. zo, S. E, 10, S. W. 10, N. W. zo, 
N. E. 10, S. E. 10, S. W. 30, N. W. 10, N. E. 10, S. E. Zo, 

Exft 5, S. W. by S. 40, N. E by E. 40, South 15, S. E. 3», 
S. W. 10, N. W, 10, N E. 3e, S. E. 10, S. W. 10, N. W. 
2 N. E. 10. S. E. 10, S. W. 30. South 15, N. W. by W. 40, 

E. bys Weſt 15, S. W. 30, N. W. 10, N. E. 10, S. E. 30, 
S. E. Lw. 10, N. W. 10, N. E. zo, S8. E. 10, S. W. 10, 
N. W. 3o, Weft. 15. N. E. by N. 40, 8. W. by W. 40, 
North 8 N. W. 3o, N. E. 10, S. E. 10, S. W. 30, N. W. 


10, N. E. 10, S. E. 36, S. W. 10, N. W. 10, N. E. 30, N. 15, 
S. E by E. 40 miles? I demand her courſe and diſtance made 
iflcrence of latitude and departure, with latitude 

como to. PI. II. Fig. 63. N 
. u to have propoſed ſeveral curious traverſe queſtions here, 


refer them to the appendix. 


— —— 
22 — 0 


— 
— —— 


MERCATOR SAILING. 


M TOR Shag is projetted in a right angled triangle, | 


as plain failing, only che triangle hath two ulars, 
the ſhorter repreſentiug the departure as in plain — 
Jonger is the difference of ſongitude. | 


Then in the triangle AD E, A repreſents the place failed from, 
the angle at A, is the courſe, and A B, is the proper difference of la- 
titude, and B C the departure, as in plain failing, the whole baſe A D, 
is the meridional difference of latitude, and D E the difference of 
Jongitude, and ſeeing the angle at A, is common to both triangles 
ABC,and ADE. therefore the baſe A B is in proportion to the 
perp-nd cular B C, is the whole baſe AD is to the dicular 
— pr portion, as the proper Xx of latitude is tothe 
meridional x of lati: ude, ſo is tne departure or difference of meridians, | 


dus difference of longitude. 


* — 
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and the meridan 5 of latitnde of the meridian line if the queſtion 
be 6 urge as o fermit, Neverthelet; in ſmall queſtions, and ſhort 
diſta here the dritance between the two latitudes upon the 
mer an ine ie to. litt e t make a handſome figure, you may find 
the ine tduional dire of latitude by the tab e uf meridional parts, 
an (o take both it and the proper X of latitude, with the diſtance, 
departu:c, and difterenc< of lungicude of any equal parts you think 
Id — your 


will be p: + tional, to the demenſions that you wou 
Qu-ſtion t contain; only take care that from whatſoever equa! 
you tak? che given ides, you muit meaſure the required ſides, when 
found upon the ſame equal parts. | 


T he Uje of the Ta of meridional Parti. 


In fin ding the meridional difference of latitu-e, you are to obſerve, - 
if tw? piace (wh-of- meridianal difference of latitude you ſeek) be both 
in north latitu-e or both in ſouth latitude; ſub ſtract the meridianal 

part: of e eſſer Jarrttule from the mendional parts of the greater 
itude, ie reminder is the meridianal difference of latitude ; but 

if un- be in north and che other in ſuth, add the meridiana! parts of 

both latitudes together, the ſum is the meridial X of latitudes. 


A general Rule for working Mercator Sailing Arithmetically. 


| When you have wroumhr the two proportions by plain failing, Arith- 
, me tical y by atural fires, and then for difference of longitude, as pro- 
difrer-nce of latitude is to the meridianal difference of latitude, 

is the departure or difference of meridians to the X of longitude. 


Caſe 1. Brth Latitiades and L-x gitudes of two Places being given % 
EE find the Courſe, D:/tance, and difference of Meridians. 4 
” 1 


Suppoſe a hi» ſa is from Cape Clear in latitude 31. 10 North, and 


kj 


| lopgitude 10. 30 Weſt, to Cape Henry in latitude 37 .oo North, and 
longitude 74 30; Required her cyurie, diſtance and x of meridians? 
3 Latitude 5 .to M P 358; prop. X lat. 14.10 Long. 74 430 
ö Latitude 37 o M P 2303 60 Long. 10 „30 
_ * 14. 10 31492 = AA. 
2 ; —— : | 60 

397 L. 21. 283 — 
1 5 33590 
: _” 
BA The Geometrical Projection. Pl. II. Fig. 65. 


* 
1 


Draw D C for the meridian of Cape Clear, and on it from C, ſet 


* 
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397 ! from L to D, then ere 
on it from D, the difference 
Q, from 


point 
gives 


chords 


As w. x nf latitude is to & of 
longitude : : pri per X f latitude 


$5 
397 : 1280 : :283 
| 233 
| 3830 
As 8. C. courſe 17 1 11678 10840 
Is oP. x of lat. Aa 2 2560 
80 i Radius 90 00 10. 00000 — _ 
8 397)362240091 24912. 3 
To the diftance 95 52 2.980108] 3573 . 
As Radius 90 00 10.000000 | 494 
Is to che diſtance 955.2 2.980108 | 397 
Soi. courſe 72 46 9.980052 * 
| _ 970 
To the x ef mer. 512.3 2.060153 | 784 
| 1760 
1588 
912.3 283 
912.3 283 
27369 849 
18246 2364 
9123 590 


. 80089 Sq. P. * lat. 
Sq. of difference mer. 383229129 So To 
Ther 220.29 + 80089 = 912380. 20 = Z ſquares, Whoſe 
ſquare Root is 955.2 leagues, the diftance as beiote. | 


3 * 0 
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* Inftrumentally. 


| The extent from 397 to 280 on he aqader: all fend Upo45 
gives tangent 72. 46 on the tangents tor the cure. 


ad. The extent from 6. 17 14 to f. go oo on the fines laid from 
283, g:ves 9. 5 on the numbers tur the diane. 


zd. The extent from radiu - or fine 9 . 0 t. fine 72 46 being 


laic im y55.2, gives 912.3 on the line ut aumbers for tae difference 
of mera. ans As Was required. | 


Example II. Suppe sr a ſhip takes her departure from the Lizard, 
in late 49 55 nth A bh tue? 29 well, being bound to 
Antigua in latte bs ven. ad longttuge 61 4 welt, what 


co ric _ ay N, and What Aik-uce and X of meridlus- make 0 
the ſata 


Lizar 1 41 5 M. P. 2 67 L-ngitude Lizard 5 23W 


Auugia lat. „ M. P. ori Longiznde * Gi 44 W 
Remains 3 D ö 56 20 
0 3 x ot long ca 
——ᷓ—e nn 2 leagues — 
3190602 P. x lat. 38 
653 leagues leagues 1127 


Draw L Ethe meridian of the Linapd, on Ae 
X of latituue 305, fron. L to E, aud erett the perp-rd:cnlar E Q. on | 
w:.:ch fer or tne x of longitude 1127 leagues, from E to O. anc craw 
the ine Q L, again 1 t off the proper x of latitu e . iomLioS, 
and „ I, parallel ia ine X ot large E Q, then 
repreſents the Lizard, A Antigua, 3 A the departure, I. A the dif- 
tance, ihe arch c q tue courſe 8 weſterly from Lizard b, Antigua, 

LA id S A, meaiure on the arts ſeverall), ives 12 for 


the din ance, an“ 91 * ter the departure, and che arch cd meatured 
„ 3. 25 Weit. 


 Trigonometry. 

As M. X of latitude 805 2.905776 
Is to [angent Kadius 45 -00 1 0.000009 
So is X of lon gi cude —— 3051924 
To tangent courſe 54 28 
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T rigonomctrica/!;. Ariti meticully. 


As fine C. co 35 2 9.764308 m. Ks. X len. X lat. 
Is to P. X lat. 653 2.8 4913 As toc : 1127 : : 6-3 : 
So is radius GO 00 10.00-000 - X 603 | 

* ar - 
To the diſiance 11 24 3-000605 parture 1 x of mer. 
| ia. 2 X Q14.2 = 825761.64 
As radius 00 oo 10.000500 | 653 Xx 653 = 426409 


Is to the diſtance 1124 3.05050. — — 
So is fine courſe 54 28 0 23 1:6:--0.6 | 
ct Whoſe ſquare Rcotis = 1:2, the 


To the X mer. 914.4 2.961111 | diftance. 


The courſe is found by dividing the > of mer. by the diſt. 1,24) 
914-2000 quotes. 8135 the nat. fi. of 54. 2d the cwuric require. 


In trumentally. 


The extent of £05 to 1127 the line of nvmbers laid on the 
tangent from 45 .0o gives tangens 4 S h. court ien ne exe 
tent from fi. co. cuurie 35 . 2 t 1awius cn the ut es being law ir m 
65 3 on the numbers, ives 112. the diuauce. Latiiy tn. exten, ir 
radius or ſine 9o on Ne, 0 fine 54.2%, the Unt Courſe being . 
Laid from 1124 on the uu..vcrs giVes 915.2 tue X of meriduans 


Cafe 2d. Both latitudes and (courſe being given to find the dif- 
tance X of meridians and X of ion, ĩtu-cs. 


Suppoſe a ſhip failed N. W. half W. from a certain road in lati- 
tude -0 . 1 north, and lony'tude 21. 7 caſt, till by obſervation ſhe 
is found in latitude 57. 33 north, I demand her diſtance, Xx ef me- 
ridians, X of longitude and longitude come to? 


Latitude 57 33 4 
50 51 M. P. 4244 
WP. 3555 
37589 
M. x L 2293 


>» 


The Univetnrsalt Navicartot 


The Geometrical ProjeSlien.” PI. I. Fig. 66. 


Conſtruct the triangle A B C, by the courſe and x of latitude ac- 
cording to the ſecond caſe in plain failing ; make A C,= the mer. X 
of latitude = 227 legues, draw E C = the x of longuude 
rallel to D B the departure till it meet the diſtance A D produced in 
E, then is A D the diſtance failed = 211.3 leagues, and CE = 
276.7 = the X of longitude, and B D = 163.4 leagues. 2 


Trigonemetr:cally. [ Arithmeticalh. 


As fi. C. courſe :g 22 9 802282 | wr 

Is to x lat 134 2.121105 Natural Sines 39.22 = .6341 

So is ra ius 90 .00 10. Natural Sines 50 38 = .7731 
To the diſtauce 21 1.3 2.324825 | 6:43 2 ht 2 | . 

As radius go 00 10. 16347) 134. 000002 11.3 hence the 


Is to the diſt. 2113 2.324823 | diſtance = 211.3 leagues. 
$0 is fi. courie 30 38 9.838237 oY | 
— 1 : 211.3 : 7731 


To the depar. 163.4 2.213060 | 


As tan. radius 45 .o0 10. 


E to mer. X lat. 227. 2.356026 ! px 5 ; "i 
80 is tan. cou. 50 .38 10.095956 | — diſtance 39 


To X lon. 276.7 2.441983 


211.2 X 7731 = 163.4 


| | | 163.4 * 22 b 
154: 163.4: 227 yy Z = 276.7 the x of longitude: . 


276.7 
1 


6085.0 : C 


— 


The extent from fi. 39. 22 to fi go .oo laid from 124 on the line 
of numbers tod the right hand, gives 211 3 the diſtancc. Then the 
extent from fi. go .co to fine 50 38 laid from 211.3 on the line of 
numbers to the left hand gives 164 4 for the difference of meridians 
haitly the extent from tangent 4; oo to tangent 50 38 laid from 227 
F-3 the Meridian diff. of latitude on the line of numbers to the right hand 
W * 


\ 
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pp 3d. Both Latitudes and Diftance being given to find the Courſe, 
| — eee e of lain. 


2 es, and by obſer. 
our courſe, X of 


* 5 :59+5, alſo 
; — $15 = 52 20. 


Trigonometrically. 


As the diftance 265 2.424882 | 
Is to Radius go .oo 10.000000 
So is P. X _ 162 2.203612 


'ToS. C. eo. 9. 31 9.78633 


| As Radius 90 -00 10.000000 
Is to the diſt, 266 


To the x of mer. 211 


2324252 | 
As tan. Radius 43 . 00 10. 007 000 
Is to M. x lat 270 2.440909 


So is tan. cou. 52. 29 101 147 :8 


To x of long. 359.5 2-505667 


2.424882 | 
80 is S. courſe 52 .29 9.399370 | 


266 R 


266) 162.0000(.609 = 
N. 8. 37 31. Sine Com, Courſe = 
52 .29 N. 8. 7932 


= . 
2 . 


266 : : 7932: 211 = 
departure. a 
= © as : «x an 2 

X 211 | 

2339.3 * 
longitude. 4 
— 3 


19 as 
Longirade departure 8 .17 E. 
Longitude come to 27 +455 E. 
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| Irfirumentally. 

The extent from 266 to $2 on the line of numbers laid from 
| S. 99 .o gives S. 37 .31 = 5. com. courſe; then 90 v0 — 
37 -31 = 52.29 fi co. Then the extent from fi. o .o0 to fine 

2.2) on the fines laid from 266 on the the line of numbers to the 
hand gives 211 for the departure. Laſtly extend fem T. 45 wo 
T. 52 .29, being laid from 276 on the numbers, will give 359 5 che 
X of longitude required. 


i Caſe ah. Butb Latitudes and difference of Meridian being given to find 
the Courſe, Diftance, and X of Longitude 

Suppoſe a ſhip fails from a certain road in latitude 57 10 north, 

and longitude 22 . eaſt, in the S. W. quarter till by bſervation 

ſhe is in latitude 49.05 north, making her Xx of meridi ans 188 

leagues; I demand her courſe, diſtance, x of longitude, and longi- 


LAM 4 


tude come to ? | 
bs L= itude 7. 19 N. M. P. 4218 Prop. Xx of latitude 165 
1 L.uiude 4) 3 N, M. P. — Meridian X of lat. 
is 3. Ws 3)823 
. Co — 25 
4 — "276 
. 3)434(165 neareſt 
Geometrical ProjeZion. Pl. I. Fig, 68. 
Draw the meridian line A B. on which ſet off the proper > of 
latitude from A to B, and the meridianal X ot latitude fr m A © C, 
Sum (the pate Buſs Te EY diculars B D and CE, upon 
B D ſer of the departure 188 from B to D. and thruugh the point D, 
* draw che line A D E, and the projection is done. > 
: | 9 
of | Arithmet:cally. ; - 
As pr. X of lat. 165 2.217483 | By 47 E. f. the ſquare root of 
K. Is to tangent ra. 45. 00 10. 000000 | the fum of the iquare of the Cif- 
So is c meridian 198 2.274157 | ference of latitude and departure, 
I To tan. courſe 43.45 10.056674 | 


 Trige- 


8 
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— 0 
Trigon rically. Arithmeticallj. 


As S. ccurſe 78 46 9. 2601 | a — — 
Is to P. & mer. 18 8 5 That is 1657 + 185" = 
So is Radius 90 co 15.0000c0 | 259 lezgues, the diitance failed, 
To the diſtance 250 2.395143 Then 250 : 1 : : 188 
| 250) 188. o 7520 = 

As tan Radius 45 . 00 10. 0 | Natural ine 48 .45 the courſe 
Is ro mer. x 'at. 275 2.44090) j © fouth co the weſtward or 
80 is T. courie 48 .46 19,05607 . | 5: W. bait W. n areſt. 

— 3 „ : 2 2a 
To tne x af lon. 316.5 2 95683 1K 270 1 
Hence dii. of long. is 316.5 leag. | 165 9 — 


The extent from 16; to 188 on the line of numbers laid from tan- 
gent 45 oo gives tangent 45 .46 the couric, I hen the extent from 

48 .46 to tine go co being laid trom 15 8 in the line of numbers 
to the right hand give: 2 diftance. Laſtly the extent from 
tangent 4; . 00 to tangent 4 44 this laid ir.m 76 te meridian 
difference of latituce on the numbeis gives 316:5. = x of long. 


1 316.5 X 
| diff. of longitude I5 .49W. Then = 3 = 15 -49W. 
Longitude departed 22.17 E. Longitude come to 6.28 E. 
uired. 


Longitu e come to 6.8 E. 


l 5b. One Latitude, Courſe, and Diftance being given to find the 
Aference of Latitnae, dig. of Meridians, and af of Longitude. 


Suppoſe a ſhip fails 8 E. by S. thee quarters E. from a certain 
port in latitude 57 .57 n, and icngitude 22 .z31 W. making her 
diſtance by the l-g 2 9e ucs ; | now demand her diff. of lat:tude, 
aff. ot mcf. A an, diff ut long ĩtude, ani :aticude, and iongitude come to? 


The Geometrical Cenftruction. PI II. Fig, 69, 


Draw the meridian line A BU at pleaſure, and make the . B AD 
= 4,2 ie ſhip: couric, and dra A © cuntinacd; upon which, from 
tis ena parts, ſet of the nauer 7 leagues, frum A to D, let fall 

the perpendica ar B D, (having le f the meridian diff. ef latitude 

344 tem A to C) and draw the line C E, and the work is d 
3 Then 


% 


wy A* 


To the X lat. 200.3 2.33422 


x of 


D 
3 
I 

le 

* N 
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Then is A B = 206.8 the difference of latitude, and BD == 187.4 
leagues, the diff. of meridians and C E = 1311.7 dad. of 
tude, as was required. 


206.8 Lat. dep. $7 .c7N. Lat. 57 .57 M. P. 4232.9 
3257 


3 X lat. 10 20 8. LX. 7 37 M. k. 0 
60)6204 La. come to 4) 3 V. 3 
10. oo M X of latitude 
T, . cally. b-ith * ly. | | 4 
As radius 0 .00 195500000 | 720 
Is tu the diſtance 20 2.4504 Natural ſine 42.11 . 6713 
So is fine co. 42 11 9.270 | Natural une 47 .49 == 741 


To the x mer. "IR . 3} 279 Xx 6713 = 197.32 


279 X 741 = 2068 


As radius 0 00 10.000000 
33282 279 2 445607 - 

is f. co. cou. 47.49 9 5 8200.8 eagues | 
— | 1 187.4 lea. 


As ral ius 45 . 00 10. co . 
2 - lat. 344 2. 05 58 205.8 : 187.4 : : 344 755. 
So is tan. coarſe 42 · 11 9-957231 | 311. as was required. 


To the x lon, 311.7 2-493789 | 


ya}. 60)935(15 .35 Eaſt 
3 long. depar 22 15 Weit 
9351 lon, come to 7 16 Weſt 


The extent from fine go 00 to ann from the Gees 
279 on the numbers gives 187.4 the d-parture. The enten om 
it | 6nd ater —— the number; IE 


Laſtly the extent from tangent 45 oo to tangent 42 11 being laid 
from 344 8 latitude on the line ot numbers 


gives * Cab 


* 
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Caje 6 One Latitude, C:urje, ant difference of Meridians, being gi ven 
. find the diſtance, d ference of Latitude and d:fference of Longuude. 


." Suppole a ſhip fails from a certa'n road N. W. by W. from the la- 
titud- 43 .51 north, and longitude 5 45 E, and makes her difference 

of meridians 177 miles; I demand her ditiance, d. fe ence of latitude, 

difference of longiuude, and latitude, and longituce come to. 


Geometrical Conffruftion. Pl. Il, Fig. 70. 


Draw ABC, the meridian at pleaſure, at an angle of 56 .15 

draw the line A D E — ge 17 diſtant from the meri- 
_ dian, draw Sony D z, and where it cuts A D C as 
in D, let fall perpendicular D B, then is AB the proper 
difference of latitude by which yuu may -fne the latitude come to, and 
_alf6 che meridian difference af latitude, draw the perpendicular C E. 
to cut A E, in E, and it is dons, che latituue come to is 45 .49 che 


difference of longitude C E = 250, 1 

Tos alle. 3 Arithmetically 
As fine 5645 9.910846 [| 1 | 
Is to the departure 77 2.247907 | Narural fines 56 is =.f315 
80 is radius go 00 10. 


i Natural finc> 33 45 = 45556 
: 5 

| _ _B315(177. 000{21:49 
As radius 90 o 10. hence 1 diſtance 
Is to the diſtance 212.9 2.328127 | 


So is fi C courie 33 45 9-744739 | Then 212.9 X +5556 = 118 the 
Tothe x latitade 118 3.372056 apa; 


Again, 
be tan. radius ' 45 00 10. %% x 165 
bs to mer. 6. las 167 2.222716 þ © —= — = 250 the difference | 


So is tan. courſe 56.15 10. 75197 of long itude 
'Tothe diff. long. 250 24397923} 
Ditz of long. 4 10 W 


Long dep- 45 4 E 

M. P. 3 100 

M. P. 2 Long. come to 41 35 * 
M. X lat. 167 


Iaſtrumentally 
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 Inflrumentally. 


The extent from fine 56 15 to fine 90 00 being laid from 1 
the dep. on the line of nxmber te the Sue hand, gives 2 3 
for the diftance. Secondly, the extent from fine go oo to 33 4* laid 
from 213 on the Fne of numbers to the left hand gives 118 for the 
P. Cifference of latitude. Laſtly the extent from tangent 4; o to 

tangent 56 5 being laid from 3 line of numbers 3 
hand, gives 250 0% diff. of longitude required. 


\ 


Caſe 7th. One Latitude, Diſtance and difference of Meridians, being 
given to find the Courſe, difference of Latitude, and aff. of Longitude 


Suppoſe a ſhip fails in the N E. quarter from the latitude 81 17 
North, and longitude 2> »1 Weſt, making her diſtance 280 leagues, 


and her difference of meridean 215 leagues ef 
„ 


diff. of latitude, diff. 4a 
| The Geometrical ConftruSion. N. U. Fig. 2 8 
Draw the weridian A B C. — ar the diflince of 215 the 
difference of meridians, from A B C draw the parallel; then with 
the diſtance 280 and one foot in A, croſe the ſaid parallel « g in PD, let 
og ndicular B Poo SO chen is A B the proper 
— — — which find the meridean difference of latitude, 
22 ſet from A to C, and raiſe the ndi- 


cular C E, from —— the croſſing at D draw AD E. tocut CE 
in E, and it is done. 


| | Trigon:metric | Arithmetically . A | 
As the diſtance _—_— 658 2 ES & al 


Is to radius 90 0 .0. 
80 is X merid. 217 2.237450 


A To the fine cou, 43 40 94575563 9: 2 23:3 217: = 
As radius 9 % 160 7 = natural fines 43/46 


Is to the diſtance 289 2. 6098 „ . 
$ is fi, co. cou. 41 20 9.89892 To find the P. diff, of latitude 


as | By 47. E. i the ſquare root: of the | 
To the x of lat, 199.) 2. 280730 ditt. 2 2 2 
. x lat. 44 2.5 36668 | 

So 1s tan, cour, 40 40 10. * mac V7 217 = 


/ 


4 
* 
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Lat. departed 51 ,i;7N Lat. 60 . co M. P. 4629 P. x lat. 1 1 
diff. of lat. 9 EN Lat. 51 17 M. P. 3593 ; 


Lat. come to 60 5oN Mer, 


x of Lat, 1033 60)57 209.33 


To find the difference of Longitude Longitude departed 19 3 E. 
XA diff. of Longitude 27 3 W 
— 1 93 > 344 „ 7 2, 1 — 
' Lovgitude come O 
—— 7 = 391 S diff. long. : 7 5 


— — 2 19 33 Eaft 


Inſtrument 

Wes from 259 to 2:7 on „ beings laid 
from fine go ,oo gives fine 48 = the courſe N. E. half E. 

Secondly, the extent from fine 90 .00 to fine 41 20 onl the fines 
laid from wy on the numbers gives 191 the difference of 
Latitude, ly, the the extent from tangent 45 oo to tangent | 
qo go ng 28 Bach 344 an the as of numbers, gives 391 the 
— act 


72 One Latitude, Courſe, and difference . 
find the Diftance, Gifermce of Levine and if of Merideans. 
ans a ſhip fail S. halt W. from a certain dad in latitude 


;1 North and Longitade = 29.55 Eaſt to the longitude 1218 
Ea; I demand 56 of — difference 
of meridians and Iicadecoms 19 


| The Geometrical Confirudtion, 


fe ts mais AB Cor peaks, make the BAC = four 
points and three or 53 26 draw the hypothen uſe A D con- 
tinued ; at the diſtance of 332 leagues the x of longitude, draw the 
Ine F E parallels to A C, from that point where that parrallel 
interſet the hyp>thenute continued at E, let fall the perpen- 
dicular E C, Set off the proper difference of latitude 152 Jeagues 
a and draw the line B D parallel to the difference 
of E C and the cunſtruction is done; then is A 3 the pro- 
of latitude = 4<7 which reduced into degrees and min. 
= +37 which ſubtracted from the latitude fajled from, (viz.) 55 31 


the remainder 1s 47 9 
required. 


the diſtance 


From 90 00 29 55 E. LPR 
Sub. 53 26 . Long, J 23 18 E. 00, 


Ren, 35 343) 16 l. . 


= * 5 


/ 
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Trigonometrically. Lat. 55 .31 M. P. 4022 

As tang. SY .26 10.129735 | Mer. X of latitude 739 

1 to * 997 2.998695 FR — 
So is tan. 45-00 10. Latititude 20 3283 


To mer. dit. lat. 739 2.868960 | as 


As fi. co. courſe 36 34 9-775070 
Is toP. x of lat. 474 2.659916 
80 is radius go .00 10. | 


| To the diſt. 767 2.884846 
Fer the difference of meridians. | 
As radius 90. 00 10. 


Is to the diſtance 767 2.884846 
So is 8. courſeg3 .26 9.904804 


To the X mer. 616 2.789650 


Arithmetically. 


Natural Sine $5.06 = $032 | To find the diflance - 
Natural Sine 36. 34 = -5957 | 457 


+5957 :: 457 221 8 

2 
5957) 457-000 (767 the diſtance 
12 V. 22 To find the x of Meridjans 


To find the meridian x of lat. 


2228 
On 
difference of latitude. 


« 53.26 agent 45 00 
of numbers — 


Secondly, The extent from fine POO Tr OT "IS 


e Iaticade on 2 of num 
bers, gives 767 the diſtance. 


Laftly, 2nd for fan an. camfens $3 - 26, that extent hid fats 


5 


of meridians 


367 the diſtance . will give 636 the difference | 
K C94 
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Caſe gth.. One Latitade, Diftance and difference of Longitude being 
given, to find the Courſe, difference of Latitude, and d of Meridian, 


Suppoſe a ſhip in latitude 50. 00 N. fails in the S. W. quarter 109 
miles, having no compaſs on board that was good, but knowing her 
diſtance by was 52 miles leſs than her meridional diſtance, and 
n .29 Weſt ; I demand her courſe, x of la- 
titude, X of meridians, and latitude and longitude come to ; Our * 


of loogitude being 85 miles ? 


11628 
To fine con, 34 00 94747575 | (5592 = 


| Asradius 90 ,00 10, Then .55-92 X_100== 5592 L 


100 2,000000. . 
So is fine cour, 34 +00 9.747575 25 


„ 


To the x mer. 55 +92 1474757 


— 


id on the : » 000 ge 05 Ge 
. 75 


- 
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To find the difference of Latitude. 


The extent from five 90. oo to fine 56 .oo (the Sine Com, Courſe) 


CT IT IEC or 33 the X 
| of latitude required. ä 


To fxd the difference of Meridiaxs. 


- The extent from fine 90 00 ta S. 34 .00 (the 8. Courſe) 
laid from 100 the diftance on the line of „„ 51 92 or 


the x of meridian required. | 
| MERCATORS TRAVERS. 
h | 

MIT a ſhi from the latitude of the Lizard WO, - 
- =; — Weſt, is bound — 4 har 10 Htitudz 32 .2 
11 2 47 Weſt, runs theſe courſes; (vin. ] S. 8. 
e : Pls 80 leagues, W. by S. 90 W. 8. W. 
L e ops 322 bd 
2 | 
— Aug do 
the ſhip at the end ot 
as ca. | 
00 49 -55N 13467 . 23 W. 
Latirades 2 NM. 7. E21 25 

en 8 17 301409 ” 14.19 
< 20 2 
M . 4569 lea. | 

P. X of Lat. 350 lea. | err . v. 
2 ; 
* 
or 
* 

Lizard L D, . 
1 in R, and draw T M; ſo ſhall TR, 
# | — or ating, ad 


mae the and Madera. 


* » 
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—— the Traverſe Table. 


pit. 


A 


EF 
9 Of 
7 [7 6 43.3 88.3 124. 18.17 


** 6 38.3181. 40192. 4 |125.0124. 32 
D of Lage 165.0 dep „ 353, 


| git 
leagues, parallel to T V, n 
meridional difference of latitude between 4 


- + Laflly to find the and the 
. — . 


* 


4 | 


2 We 
1 24 


0 Fall 


0 er fay, | Y 5 1 „ 
As M. Xx lat, 232: T. R N. 45 0X long. 137: T. C. 30. 
As S, C. C. 59,26: pro, X lat. 185 ::R. 90 ,00:: diſt, 215 lr. 
As Radina go 00 : nne. 30 034 N of mas. 208 lea. | 


KST 
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Therefore Madera bears from the Lizard 8. 27 38 Welt or near 
S. S. W. half W. diſtant 355 leagues, departure 154 leagues. 

The Lizard bears from the ſhip N. 58.57 Eaſterly, or near N. E. by: 
E. quarter E. diſtance 395 leagues, departure 274 league“, Maders 


bears from the ſhip S. 30. 34 Eaſteriy, — — leagues, depar - 
ture or eaſting to Madera 1s 109 leagues QE. a 


- — Ines unn 


To Project the Mercator's Chart, for all, or part of he 
Globe's Superfices. | 9 


OR the general chart, it is upon 

para iel to each other (weh on the globe do incline and 
meet in the poirs) yer the parallels are contrived fo at an diſ- 
tances, chat im — — — lines, and the de- 
grees of longitud: bears tne ſame proportion, to of lati- 
tude in any parailel, that they do upon the Globe; now to make a 
chart to repreſent-one half of the ſuperſice of the Globe or near it, 
for you cannot go quite to the poles by reaſon that one degree of la- 
titude there, in quantity, is infinite ; you make uſe of the meridian line, 
— efaquad pres 3 the two loweſt lines, upon Gunter, ſeales. 


I a large ſheet of almoſt as broad as 
a gn 1 rer — 
on the ſaid ſcale) draw ai i 


quadrant, and divide it into 8 equal ; and drawing from the center 8 
rhumb lines through the —— 
quarter with the flower Leluce. 


/ 


And laſtly to lay down any iſland, 32 2 
Nane and lagirde 1 known by obſervation o = 


a plain, the meridians + | 


. 


- 
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and longitude ; Take 2 pair of compaſſes, and with one foot 
on the graduated meridian, extend 


pair of compaſſes along their reſpective lines towards 
e longitude and 
point where the place given is to be laid down; and by Wo 
- fuch charts as theſe (which together make a ſquare) yon may repreſent 

| all the ſuperfices of the earth, except five degrees of latitude under cach 


© To make a Chart for a particular Voyage. 


„ - a — 
- — 9 
— - — _ = 
— — - * — - _ — - 
- $ - Sag = " s 1 * 
— R a *- _ ſo 
N * — _ — 8 . — 4 


— * «- E 
a - . * — w <> 
— 
FIX - _— — 
5 


2 Pane "4 4 
3 „ ' —  * 22 ? 0 
ET „ — 2 — - ad 
5 2 7 * 
1 5-4 
* — 22 — — a. — þ 
- 


"+ * 


8 


— 
„ 


FE Ht: 
F 


| 


the difference of longitude 3 240 from N to M, angfthis line (if vos 


„ 


5 


9 
* 
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I. To find the latitude of any place in this Chart. 
IL To find the courſe or bearing of any two places i did. 


Theſe two are performed the fame on this chart, as be- 
fore ſhewn in Problem ke and third of he plin char's ue, and 


needs no example. 
III. To find the longitude of any place in the chart. 


| . at that * — IF: F 
— — "4 
| quired. So the Lizard by this rule, will be found in Itms 
9 14 Welt, if the longitude is accounted from the meridan 
But in oO. oo if accounted from the meridian of the Lizard. 


IV. To find the diſtance of any two places in this chart. 


This admits of four caſes, viz. firſt when the two places are under one 
5 meridian, that is, bear north and fouth of each ocher. N 


. The Rule. Find the latitudes of the two places by problem firſt of - 
- this chart, and then the difference of lati ny 
- diſtance required; fo that the diſtance between cape St. Vincent in 
Spain, in latitude 37 .15 north, and cape 983 
tude 33 42 N. is 4 33 or 275 miles, 


r 


1 — 
A 
1 = 
* 
— 
9 
*, 
L 
: 
of 


- 2 g 
5 / 


FR 
, — * 
— 
2 5 
— 


_ 

jb T 
l = 
- 

i3 * 

4 
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8 

Caſe 2d. When two Places are ugon the Eguinoctial or Equater, (bearing 
due Za or Weſt, ) to find their Diſtance. 

The Rule. Find the differ-nce of longitude between them, (as is 

ſhewn a little farther on) and it is the diſtance required; this is ic eafy 

that it needs no example. 


Cafe 34 When the two Places bears due Baſt and Weſt in one Latitade, 
22 or Parallel, to fd their Diftance. 


The Rule. Take the diftance between the two places, in the com- 
and lay the diſtance on the graduated meridian, fo that one 
| many chevethe tultadve? to giera place as the 
ſtay the compaſſes, and count the degrees in- 
cepted between the feet of the compaſſes, and it is the diſtance re- 

quired. | 


1 the diflance berween cape 


Take the diftance between the faid places in your compaſſes, 
Place them on the meridian, fo that one foot is ſo many degree: abo 


= _—_— eq 
diſtance the Lizard to Antigua, as was required. 
- — PARALLEL 1 
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PARALLEL SAILING. 


ARALLEL Sa ling, is a branch of mercator ſailing, it is /f uſe 

in failing eait or wett, or in the ſame parallel af latityde, i is ma- 
nifeſt from the ſcheme in plate ſec nd, tha. the meridions meine from 
the equinoctial, nearer and nearer, till they meet or inter ect in the poles 
of the world, north or ſou -h; and canſeque ntly the degrees of longi- 
tude grow lefs and leſs, the nearer you aproach the ,oles ; and fince the 
circumferences of all circles, are in proportion 3+ their -adius directly, 
and that like parts, have the ſame roportions with their wholes, it fol 
lowo, that the hreadih of a degree . in any parallel of Jatitade, 
: is to the breadth of a degree « of the equator : As the fine compli- | 


ment of that latitude : is to the Radius. Aud conſequentiy a8 the 
miles in one, is the miles in the other. | . 


5 Caſe 7th. Two Ships or Places in one Parallel of Latitude tes Ladd 
4 and Diftance 3 to find thir x of Longitude. 


Suppoſe a ſhip ſails ducealt 1 miles, in the parallel of 48 8N. 
I defire to know my — 1. — 1 


d 
'e 
d | 


The Conftrudion. PI. Il. Fig. 76. 


With the fine of go or chard of 6o « g- de ſeribe che arch E Q, then 
with the S. C. latitude 41 .02 on the fame center P, draw the line 
PE, for the ſhip's meridian at firit, aad P Q her meridian after her 
failing 199 miles eaſt; laſtly draw P Land E O, which meaſured on the 


fame feale of equal parts you took the dia. * will ſhew the X 
of longitude 29 — * 


. —7 | che diſtance ſailed, viz. 0 «lie wb. 

to 4 ne a and 3 L, fo will a 

ET Pe hea 

Trigonometrically. | eats 
As S. C. Latitude 41 . 02 " 65 = N.S. 41 02then ay 
Is to the diſtance 199 i 

Jo is Radius 90 Y nnn —_ 5 

0 the X of Longitade 30 . 2 n 
30,2 | Longitude required. 


c 24, The Latitude and X X of Leng being given, to find the Pa 
rallel of Lal itude. 


di- | 
b 6 a. Dre eta Ene- 
EL A AE * 
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land. and :ven iſland, on the coaſt cf Newfoundland; Lizard 
ing in longitude 5 24 E. and Pengiven iſland in longitud 53 . 10 
W. being both ia the latitude 50 O0 N. 


As Radius 90 | 
Ts to x of lon. 2866 3-457276 
Sois 8. C. lat. 40 00 9- 


d 
n 
at 
5 
ie 
de 


off half che difference of longitude 21 both ways, from P to 4 and 8, 


7 
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Trigozometricalh. | Arithmatically. 
4 64 n % 
As the X © ongitude 4 340 z 10. 0000.61 5 
Is to Radius | N. S. of 39.01 for the C. Lat. | 
do is the diſtance os Whence the latitude the iſlands 
To S. C. Latitude 38 .or are in, is 51.59 N. | 


Caz? auth. Suppoſe two Ships in one Parallel of Latitude, their Diſtance 
in that Parallel given, and failing beth directly North or 7 Janes, to find 
their Diſtance in anther Paraiicl, 


Example. eee toe ſhips under rhe equinoQtial 342 miles dif- 


tant, and they ſa'l both de north, ull they are in latitude 49.37 N. 
I demand their diftance under then. 


The Conftrudiion. Pl, I. Fig. 79 
With th fine of 90 or chord of Eo, deferibe the arch AQ, then fe 


let fall the perpendicu}1:s A & and b Q. and ob "PA and P Q, then 
with the 8. Co. parallel lac, ,0 .23 ; deſcribe the arch = Cu 
the lines PA and PQ. in N and L, thendraw NL and A 

is their diſtance aſſunder, in the parallel of 49 37 = 1771 


wink 


required. 
Trigonometrically. , drithmet icalh. 
a * 
As Radius .co| The N. 8. of 40 -23 is .648 
Is to their diſtance at firſt 342 | Then 648 x 342 = = 216.6 miles, 


So is S. C. Latitude 40 .23 | their diſtance in the latitude come 


To theirdiſtance under them 221.6 | to, as required. 


e two Ships in one Parallel of Latitude, their Diſtance in 
llel given, and ſailing both directly North or South, and then 
I the parallel came to gives, to find the paralhl of L. 


” 


Suppoſe two ſhips under the 1 of 10 .17 N. their diſtance aſ- 
under being 328, and they tail both due north, till they are 2 
miles aſſunder. 1 demand what latitude they are in then. 


The Geometrical Conftradtion. Pl. Il, Fig. 80 . 


With the fine / 29 42. deſeribe the ach O Q; then ſet 164, half the i 

from P to & and d, both ways, and let fall the perpen- 

— addin d then ſet of 
<P 
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43, half their diſtance at laſt, both ways, from P to a c, and let fall the 


D and A I., then PN, and P L will be de 8. E. 
re quired. 


Trigenomecrically. oe From 90.86 
| Subtract 10 .17 
As their dinance at firſt 328 
Is to S. Co. para lei 79 43 722 
So is their diſtancs at laſt, 88 Ari: bneticalh. 
To the 8 C. lit come to 14 T1 N. S. 79..43 = 3³9 


Whence they are come to lati , 2810 X 86 
tude 75 3 EE 328 
the N. 8. * 57. Co. lat. 


Daeſtions to — the f regoing Cafe. 


__ Suppoſe two ia de or henciunds, io che jacitude 51.51 N. diſtant 
aſſunde: 25 lea des, the caſtern. l. is n !ongitude 21.55 Weſt; I 
deure to know what long ituuc t. c wc rmon ihi> isin ? | 

wn, 


This Queſtion is projected as the i&. Cale in parallel failing. 


| T rigonometrically. 

As S. C. — 18 . 09 From 90. 
Is to the diſtance | 255 Sub. : 7151 
So 13 Radius 90 00 BE —— 
To the x of long. 8:9 18 ,0g 
5 Axit hmetically bby » 


N. S. 18.09 = ,3115. Then | Then oy — 20 = 40.57 W 
| _ 2:5 X11 | Long. Iſland 21.55 W 
3115 : 235 + + IG ins 


= $19 leagues, the X of longi- | Longitude weſtermoſt} | 
rude the 12me as above. E 16 52 


Queſtion zd Suppoſe two ſhips in latitude 40 .oo. North, diſtant 
aſſunder 300 leaguc- „hey buth iail due ſouth 2 diſtance, till 
they come under the quinociial; I demaind their diſtance afiunder 
there; and if rhe -aftermoit hip be in the Jongitude 20. 15 W. the 
ſon being on her merician ; I defire. to „ 
weſtermoit ſhip, an d ukewile the hour. of the Gay ? 


The Geome:rical cuatiruction of this queſtion, is the ſame as that | 
of * — Caſe. 


T rigo- | 


n 


N 9 48 


- 
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Tri geremet rically. From 490. oo 

A: S. . mude cO oo Sub. 40.00 
Is tu the 1 c 300 

Soi Ric: tis 9 Remains 50.00 


To che X uf longitude 392 


The Xx of long itude or diſtance between the ſhips on the equator, is 


392 leug s, and —— == 19 36. 


The longitude Eaſtermoſt ſhip 29 .15 W. 
The ditference of longitude 19 .36 W. 
Longitude Weſtercmoſt ſhip =_—_ =. W. 


Fouad as in the laſt Example. 
Now Since longitu e and Tire, are reckoned on the equinoctial | 


and that every 15 degrees ut tae ſan; diurnal motion in the heavens, 


is equal to n neur -f time on the earth, ther fore div d- the differ- 
ence bhetu en the thips by 15 as below, and the quoticac gives the dif- 


feceace in ume between them. 
D. vide by the ratio of 15 viz. * Thus 5)19 6 
5 and 2, and tue qu ent is 1 hour, | | 
18 min. 21 :*cund> of time. 338512 
Wich ſubtracted f om : hours,, 2 
and th: remainder will be 10 h. Hour 1.18.24 
41 min. 6 tec. the „our of the | Sub, from 12.00 . 0 
diy at tut W eſtermoſt ſhip, when VU | 
It is noon at the caſtermoti ſhip. | Remains 10.41.36 


MIDDLE LATITUDE SAILING. 


R, a meth d of ſarl'ng neariy agreeing with mercator, and per- 
O 8 agreeing per 


med Wit: ui 4 ablecf me:ialonal parts, and may be wrought by 
log richms and t. G ncer's ce; which is thus, having firſt taken 
an arithmeti al mrau u teen t ie cw latitudes, that is by adding the 
latitude you tall r ww, to the latttu e vou are bound to; half that 
ſum ſhall bt e man, or midi.e atitude; then we have this the 
ren, or pp rtien; As the fine c mpiement middle latitn“ e: is to 
the d nercuc of merid ans: : 16 *> us: to the difference of lon- 


4 tude, Now it you change t ire compliment middle Jatitude, into 


compiement parallel latituue, and of departure or difference of 
| | MCridlans 
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meridians into middle due Eaſt or due Weſt, in a parallel, the propor. 
non is the ſame with the firſt caſe in parallel fai'ling bef re going. 


Cafe it. Bath Latitudes and tudes of two places being gi ven t 
| the Curſe, e e, — Ns 


—_——-—— in latitude 51.10 N. and lon- 


gitude 10. in latitude 37 . 00 N. «nd orgitude 
74.30 W. her coat, diltznee, _—_ X of meridians : bs ve aud 7 


The Geometrical ConftruSion. i U. Fig. 6g. | 
Draw, D B the meridian or north and ſouth line, then as in the firſt 


As radius 90. 00 10. 283 
Is to the X lon. 1280 3.10721 Phe Radius 45 «00 
So 13 S. C. m. lat. 45 .55 9.85632 | So i: difference of merid,” 91945 
t o the 1] angent courſe 72 53 


To the X mend. 919-5 2-90353 | 
As S. C. 72.53: X merid. 9195 :: R. 90 3 les, 


Arithmet: cally, | To find tho Gutance, 
N. S. M. 255755 =-7153 | N. S. of 72,573 . 
Then 1: 1280 5 ny r | 
1280 K .7182 = 919.4 the dif- 955719" c (5624 
ference of meridians, 3 c 


wy v7 ” 


552 
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To find the courſe, | 
283 : 1 : : 919.4. then 283)919,4000(.3249 N. S. = 72 .53 the 


Here we find that middle lat itude, failing, as always thus been prac- 
tiſed, will not agree with mercator which muſt be allowed the true way, 
as in this example, between Clear, and cape for merca- 
tor makes the courſe 8. 72 ,46, and middle latitude 8. 72 .53 ; the 
diſtance by mercator is 955-2 leagues, and by middle latitude is 964. 1, 
diff-ring 6.9 leagues. Mercator makes the departure or X of meri- 
dians $12.3 leagues, and middle latirude, 919.5 leagues ; which 
difters . 2 leagues. | ws 


Example zd Suppoſe a ſhip fails from the Lizard in latitude 49.88 
N. and longitude 5 23 W. being bound for 2 
N. and longitude 61 .44 W. I defire to know her courſe, diflance, 
and difference of meridians. 


Geemetrically Pl. Fig, 70 


Draw the meridian B D for the meridian; 
25 the compliment latitude, and make B 


C = 


tude roo from A to D, and the line AD; 
line D C, which will be the diſtance required. 


T rigonometrically. 
Lat Lizard 49.55N. 49 5 N. lr 44 W. 


Antigua 15.15 N. 1715N. Lizard 5 .23W. 
Sum G7.10 32 40 6.21 
— " 


M. latitude 33 -35 — 


S 1950 x of long. 3381 


As radius 90.00 10. | As S, cour. 55 .10 9.914246 


Is to the > long. 3381 3-529045 | Is x of mer. 2817 3-449733 
So 1s fi. co. m. la. 56.25 9.920653 80 is Radius go. oo 10. 


g To the x merid. 2317 3.449733 To the diſtance 3431 3.538487 
As & of lat. 1960 3.292256 Arithmetically. | 


Isto T. Radius 46. 00 10. To find the x of meridians. 
80 is x merid. 2817 3 449733 N. 8. 56 -25 == $329 
| 1 : 3381 : : .$329, Then 3381 x 
| 8329 == 2816. 8 
0 


To the T. cou. 55 . 10 10.157477 


"Mad lat. 54.02 © 


— 
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9 . courſe. To fnd the diftance. 
| ' N. S. 55. 1 "Tons 
1960 : 1: : 2817 I 8208 2817 : : 
1960)2817.0000(1437 the N. T. 8208) 28 17 .coo( 3432 1 the 
of 55 · 10. diſtance 1 15 3232 leagues. 


Ecampic ul Suppoſe a Ship ſails from the Lizard in Latitade a9 . 55 N. 
and longitude 


4 W. to Horn in Lajitude 57 . J S. and -Longi- 
2279 35 W. 50 8 Meridiaws 7 


The courſe is found to be 8. "2 ot weſterly; Difance74-6mils 
and c of meridians. 3740 mile; now we ſhall . 
tween mercator and middle latitude in a long run. n 


Lizard 49.55 N. 49 -55N, cape Heniy 79 53 W ; 
cape Horn 57.58 8. 57 .55S Lizard 8 1 W 


3919 63 107.53 _ 74 a 
07 5 74 4 


— — | 61 * | 


3558 


* 


Aae, 


3 90 .00 10. : 8 1 
Is tothe x lon. 4481 3.751375 To find the difference of Me. (t 
80 18 S. c. m. lat. 54˙02 9. 08141 . ridians. = | 
Tothe & ofmer. 3627 3.55915 | N. 8. 54 +02 = .8094 . 
: | To find the courſe. - | Then 1 : 4481 : : ,8094 
As the X of lat. 6473 3.811136 
Is to ta. Radius 45 . 00 10. a , #5, 
So ĩs X of merid. 3627 3.559516. | a « 
£ Tothe tan, cou, 29.16 9.748410 6285 2 | | 
. 1ͤͥͤͥ 
JJ 
an, 37 /} , Hencethe difference of Merk 
J Te i 
+: i 


To find the Cote. 


"Y N. S. 29 5 
i 48605 
6 5 N et 03 [ 
— _ 15 the 
330599 courie, 165,4 to be 7423 
33838 | . — miles. 
— | 11360 
"a 9772 
19419 | - 15380 
— | | 1:6$ 
| ö * - 1 
Feel 11h. Fre, a fi a reger M. Evgland, is 
Lettie: . N. and Long: 745 n 
the cap. FO He i in Try 34 „ , CT ICT 
2 am her Courſe, Diſtunce, and difference of meridians 
;» the folution of this queſtion, I fall here thew how mack meven« 


to: and middle latitude fa:ling differs from each other in a large run; 


| as the operations both ways are here performed both Trigonometicaly 
and Aritnmetically. 


By 88 
| eape Code 42 .10N. 2795 expe Cod 67 45w 
eape Good Hope 34 25 8. 2202 


r 25 E 


— 2c ta. 
- *. 4997 


— —— 


X of latitade * 4595 


To find the X of meridians 
none, e 
- : : Sos prop. x ot lat. to | 

'the x of meridians, 
| 4997 :: $110: : 4595 


; When one latitude is N. and 
the other 8. take one third of their 
ſum for the true middle latitude. 
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Tr:gonometrically. | 


By Mercator 

To nad the Courſe. 
As prop. X lat, 425 5 3.602285 
Is to J. Radins 38,00 ro. 
Su is x if mer.d. 4699 ;,672005 


— —rn—ma—n——_——_— 


To che T. courſe 45,39 10.0097 20 


T find the Diſtance. 
As 8. courſe 450-9 9.854356 


So is Radius go, 00 10. 
To the Diſtance 6571 3.81769 


As Radius 00 10. 
Is to arff, of lon. 511 2.708421 
So is S. OM. L. 64. a8 9 935,63 


To the diff. mer. 4611 3.56379 
2 —— = 


| 54611 m. 


Is to Xx of merid. „699 672005 


* | So ts radius 


By Middle Latitude 
To find the courſe 


| 


| As diff. of latitude 45 g< 3 66228 
| [s t>tan, radius 45 ,50 10. 
8a is x cf merid. 45 11 3.66378 


To the tan. courſe 45 06 10. 00150 


| To find the diſtance. 

As fine courſe 45 06 9.350242 

| Is tothe x of mer. 46 11 3.603780 
go O lo. 


| To the diſtance 65 10 


— 


3.813538 „ 


Here we find the courſe by middle latitude differs from mercator, 
(or the true way of fait:ng by od. zm. diſtance ailo differs 51 m. and 


run. 
But when J have cone through the 8 caſes of middle latitude I ſhall 
cator very ucar. 


To Work this Example Arithmetically, Pl, Il, Fig, 85, 
To find x ef theridians 


X of mcridians So miles oniy in tue ſpace or diilance of 65 10 miles | 


give an <liay on middle latituie whach will make it agree with mer- 


8 | As X of latitude . T. Radius:: 
N. &, 64 28 is 90 23 then, | X of Meridian: T. Courſe 

? "EP 4595: 12: 4611: 

1: 5110: : 9023 45950461 1. 0001, 034 N. T. 
— 9 1 of 45 · 0 

1530 Hence thex| 16000 ” 
10220 of meridians 13785 
459920 18 4011 miles | — 
| a 22150 
4599: 03753» | 18350 
98 - 3 To 


1 


Fo 


50.5 N. ind longitude 21 37 E. to the latitude 57 .33 N. I de- 
mand her diſtance, difference of — GEE — and lon- 
gitude come to:? 1 

37 +33 N. 57 +33 
Latitudes a hes. 51 N. 50.51 
Sum 108 24 642 
Mid. lat. 54,12 cept 
3}4.72 
Co. M. lat. 35 .48 — 
10 134 
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% 
. To find the Diftance, 


As S. C.: & of meridians :: 80 is Radius: w» de — | 
N. S. 45 05 's 7084 7084: : 4611 | 
83 .oo00(551 1 Here the difference o& candies — 
511 miles. | 


Caſe zd. Bath Latitudes and Courſe to find the Diftance, dif- 
ference of Meridian, and yo {gags Longitude. 


Suppoſe a ſhip ſais N. W. half W. from a certain Road in latitude 


The Geometrical Conſtruction. 


By caſe 2d. of Plain Sailing Con- vc the Triangle AB C. with 
courſe N. 51 38 W. and dif. of latitude 1 34 leagues given. 

Make the Z. BC D equal the middle latitude 4. 12 and draw 
the line C D, till it meet with the dif. of latitude A By produced in D. 
fo ſhall D C, be the dif, of long itude, ant the 4 B, CD, the 
middle latitude and the £ B D C = Ce. middle [atirude, 


Trigonemetrically. 
- For the difference Meridians. 
As S. C. cou. 39.32 2 As Radius 90 00 10. 
Is to x of Lat. 134 2.: 27109 PIs to the diſt. 211.3 2.32482 
So is Radius 9000 "20. So is 8. Courſe 50 38 5.3924 


To the Diſtance 211.3 2.324523 To X of mer. 163,4 2-21306 


To find the difference of Long: tube. 

As 5. Com. mid. latitude 35 48 9.76724 
Is to X cf meridian 1634 2.213050 
So is Radius $0.00 10. 


To the difference of Long. 279-2 — "xi 
A | "To 
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ö 


279 „To fad he x of merid:ans, 


3 
—— N. 8. 50 3 hart tie yo" 
60)8 37 1:21.72 701 : 16: 
— = the X of \meridians 597. — 
1 GE. of Lon. 13.579 W. miles. . 
Lon. depar. 21. 7 E. 3 


8 —— To ind the difference of Long. 


Lon. come to 40 E. 
N. 8. 88 48 the mi ddle lati- 


. 63.4: : 1 


To work this Example Arithme- 
— 


| That is .585)16 27 8 
"TP | Todd the due -585)163.4000(279.3 
| Here the & of Longitude is 
N. 8. 39 -22 u, 6343 | 279.3 mile*, and the diſtance is 
Then, 6343 : 1: : 134- | 211.2 miles, Xx of meridians, 
.6343)1 34. 011.2 = hence | 163.1 miles, Longitude come to 
the diſtance 211.2 miles. | 7 .40E, as was required. 
7 


Caſe 4. Beth Latituder and Difance being given to fad the Courſe dif- 
ference of Meridians and difference of Longitude. 


Example. Suppoſe a ſhip fails in the S. W 1 from a certain 
— 57.59 N. and longitude 8 . 17 


Ern 6 1 | 
quired to find ber courſe, difference of meridians, diff. of longitude and | 
longitude come to? 4 


» Latitudes & 57 59N. $7 +59 
Foun 3% 
Sum 107 $2 8, o6 
> — 60 
Middle lat. 5; 56 —ͤ— 


A l c or 162 
> | Geometrical Gonfirudtion. Pl, I. Fi. 86, 
With the diflance 266 


leagues, and difference of latitude 162 leagues, 
make the triangle A B C, by cafe 4'h of Plain Sailing, continuing 
ABto D, make (as in the 1:# ente) the 4 D C B, = middle lat- 
eudes 53 .56 and draw C D for the x longitude. 


Tri 


Fd — , 


Bos * 


1s to the diſt. 256 
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1 


As the diſtance 266 
Is to Radius 
So 1s x of lat. 


2.424332 


90. o0 10. 


As Radius go .oo 10, 
2.424882 
So is S. courſe 52 29 9.899370 | 


To diff of mer. 211 


2.324252 


As S. C. M. lat 36.94 9.760913 
Is to diff. of mer 211 2.324252 
So is Radius 90 .00 10. 


To dif. of long, 358.4 2.554339 | 


driebmetically fu oed thus, 


For the Courſe. | 


: 


Then 265). 162.0006(609 | 
Tbe N. S. of 30 o1 2 S. C. Cou | 


S. Cou. = 51.59itsN.S. = .707; | difference of 


For the difference of Longitude. 


Ef 4rb. Buth Latitader and difference of Meridians being given to fiod 
the Courſe, Diffance, difference of Longitude, and Lo ngitnde come to. | 
Example. Suppoſe a ſhip fails iv the S. W. 


Road in latitude 57 ,-9 N. and 


vation ſhe is in latitude 4% ,h N. and makes her difference of meri- 
dian 188 leagues; I demand her courſe, diſtance, difference of longi- 
rude, and longitude come to? 


162 2.203515 | Dif. of Long. 17.54 E. 
| To S. Co. cou. 37.31 9 784633 


Long. 8.17 E. 
Lon. come to 26. 11 E. 
Anfever. 


Diſt. 266: R. 1:: 162 dif. m. S. C. | R. 1:: 266 dſt.:: ,7379 8. C. df. a. 


Natural Sine 36 04, — the Com. M. Latitude. 53g x 
Then S, C, M, Lat, : dit, of M, : : Radius : diff, of 
509 : 210: 1: 355 the Giffercace of longitude 


NavieaTtorn O 


1 


20) 358 


Courſe South 52 29 Tafterly, or 
near 8. E. three quarters E. 


Difference of meridians 211 f. 


For the diff e rence of Meridians. 


Then 266 * 7979 = 210 the 
"2 


Lengede. 


— a certain 
ude 22 17 W. until by obſer- 
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55 ,19 N, $7 19 
— 4 2 40 0 
Sum 10 24 8 14 
Mid, = 
wb, c3 iz. — 
4 Dif, of lat, 5 4 
. M, lat, 36 48 —— — * 
164 
Trigonometrically, 
As x of Lt, 16; As 8, Courſe 48.44 
Is to Tan, Radius 45 0 Is to diff. of mer, 188 
So is uff, of merid, 188 do is Radius 90 00 
To the ä 48.44 To che diſtanee 250 


As 8, C. mid, lat, 36 „48 


Is to c ii, of mer, 188 
So is Nad us 9 40 
To the cif, of Lon, 313.7 
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With the difference of la:itude 165 | 
the tri-r;le A B C, by the 6th Ca 
Make the L. B C D = middle latitude = 


of Plain fu ing, 


the divonce of loagiande as before. 


'To find the Courſe, 


Di#.lat, : T,R,::4if, m, + T. C, 


165: 1: : 188: 1.129 
165) 188.000 3340 = 


N. Tangent 48 ,43 the courſe 
To find the difiance 

8. c.: 66. M. : Radius: Dil. 

N. 3. 4 %s 


75615: 188 :: 1: 280.1 
751 55789. 0000( 260. | 


Arithmetically, 
To find the difference of Long. 


| 


| 


| 


== the diſtance required. 


Dikance 


J 


N. S. 3643 = .599 
As S. C. mid. lat, : dif, mer. 
R. : dif. iat. 18 
e . 000213 8 the differ- 
ence of longitude required, 


=10.41 W. 
Long. departed 22 ) W, 
Long. come to 32 60 W. 


Courſe 8. 48 43 Weüerly, ar 0 


S. W. quarter W. 
259 iEngues. 


, and the diftance 138, 
undd C D fo 


c 
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caſ eth Ore Latitude, Crurſe, and Diftance being given, to fund the 
Lt. 2 dizerence of Mer di aus, and d:f. of Longitade, 


dijjer Cnce . 


Examplt. dup poſe a thip 4arls 8. 


cer up rt n Latitude 1.37 N. and longitude 21 51 E, makiag her 
45 nes ; | 46 "ons aer d. ference of latitude, difference of 
meu zuians, diff. of longitude, and latitude and longitude come to ? 


d t. 


Crometrical — P.,II, Fig, 53, 
Project the trianz'e ABC, with given courſe S. E. by $. three 


quarters E. = 42 1 and the given diitance 355 miles, by tie meas 


thad in Fun Caie of Plain Sai lungs 


is found, make the . BC D, . C. M. Lat. = 49.25 ans ras 
I C, which vill he the Uſomce of angie. 


Tri metrical, by 
| 60) 26 (4228. 


As Hadins CO .00 10. 


N. S. 42-11 is= 671 
R. : Diſt. 1 "yy 


ve I06 + 741: 


F I 
= 238 8 
eee 
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8 
' 


Z. be 3 Gece {i fs 


* 


A 


and after the difference ac laiitude 5 


„ | 


Sam S. 98.51 
oe diſt. 355 2.550225 | Lat. dp. 51 N. — 
So is 8. Cuurſe 42 .11 9.827049 | 4 VX. lat. 40 35 
— come to 47 14% } + - 
To dif. of mer. 235-4 2.377277 | ( 0. * Lat. 49:35 
As Radius 90. %h 10. _ * 6 . 
Is to the diſt. 355 2.350225 | Dif. of Lon. F — 6 .o6 k. 
80 is S. C. C. 47 .49 9.863515 1 deparced 21 .51 E. 
To the X of lat. 263 1 2.420046 | A 27 57 E. 
8. C. M. lat. 40-33 9.81328 | Difference of Lat. 263.1 miles FE 
e of Merid. 258.4 2.37, 27 | Diferenceof a 273. 4 
| Radius GO .05 10. * if. of Longitude + 
| 27 .14 N. 
Dif. of Long. 356 2.56399 | Longitade 
Ty. find the Departure. To find the dif. of Latitude. 


N. S. 47.49 is = 741 Then | 

| R.: Did. :SCC: ai. L. 
74 X 35 

: 355 55: 040 nn 


ll how 2055 thedif, of Laitade, 


551, 


6 


0 he uv 4 Naviearton. 


£ 
- .B, To find the dif, of Longitude, 
-——— dif, A : R,: dif. long. 
218,2 X i 4 bo 77 
„4505 . 218.3: 1 6508 3 thedif, of Long, required, 4 7 


6th One Latitude Courſe and difference of Meridian being gi ver, to | $ | 
2 the 1 difference of Latitude, difference of Longitude and lati- 17 


Exam Suppoſe a ſhip fails N. W. by N. hatf W. from a cer · 

' tain in lantude 50 19 N, and longitude m_—_— unt'i her 
difference of meridians be 177 miles ; It 18 required to find the ai ſ. 
tance, difference of latitude, difference of longitude, and latitude and 


„ 


To find the Diftanice, and difference of Latitude Tigris 


As S. Courſe 39, 22 9, 80228 
Is to drt, uf mer. 177 2, 247973 
So is Radius 9 ,00 0. 6002160 3, 26 
To the diſtance 5658 m jak 
o 279 2,445 R R 
| Latitude come to $3 55 
| "As Radius go, 00 10, 


bs tw the diffance 279 2.445692 | Latitude departed 5o ,19 N, 
-D C. = 50 38 9,3882:7 | Latitude come to ©355N, 


dif, of lat, 21578 22333929 _ 2(104 ,14 
| To find the diff, of Longitude, C, mid, latitude 52 ,o7 
ASS, C, M, lat, 37 53 9.787883 ; — 


Is todif, of mer, 177 2,7573 | C, mid latitude 37, 
1 90 ,00 10, | * 


bf, of long, 288,4 2459690 | 
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— third Caſe in Plain failing formaki the triangle 
4 "ABC rat make the ange BCD, with — 
= — Re required, = | 


<= : 
. © . * 
4 r 3 » + 
4 3. mY * , * * 
* N. Nur ·ͤ—! "= 

*' > pb 5 1 Nach 1 


rr 


— — , ⏑«⏑«—·Ü— 20 
— — 
G 2 — of 
. Ss — 

— = 

” 

: 
* 


— 
— — —eo—o—_—_— _ 
* 


* 
5 
I. 
- 
Wo. + * bf 
* = 


— Ü— ¹ÜZ;DU 
— 


11 


2 | 


* * 5 * 5 . 4 _ . of 
. 4 = F . +» % OT BY 


\ 


- —— mod 
A IIS FE — — — 
= «7 . 1 
8 * * 9 * 


— —— — — 
2 — — — 


- 
- — — 
* 


— as 
. 2 4 
«4 = 
p- Y 
"7 3 * 
FR 
1 & * 
-"* 


Pk. 
= 
* 
* 


$3 | For he Dance, — S190 0 = 
8. c. : U,: 7 


. 
* - 
= ES. 
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"a - 


"— 
* 
N 


+ * 2 S 18 
F 2 WEE — 22 


— 


% 
4 
2 


+ . 


2 
5 


3 


þ 
l 

: 
: 
6 
1 
: 


172 
a * 
* © 
3 * 


4 . 


rele, + 


* 
. 


n 


* 


1 3 
" + 


1 4 


* 


— aud 


"I * 
1 


e 


Die Unterm sat Naves 4e. a 


> 
= 
E 
125 
= 


X Iv „„ 4 A 
R 
- 
wm 


HSA 


=- Then 
gbr. Rr — = be” 
. X. 379 = 215 beg 1 3 N. 
Re.” Longitude came to FY * 
Caf -th Que Latitude D end A of Meridian: e 
FF ²ůmàuugl ˙¹—ww * 


Suppoſe 2 ſhi wo the 8. W. 
” road in latitude — 2 


n 


+ . e 
2 1 1 
5 N 3 . 1 
N 4 . - W 7 - 


* 
8 
7 


wo 


. 


ere 1 
* -Xx * 
RA Ft. . d 


* 


„ 
n 

* 

. 


x | 9 


EP N 
N 


* 

v4 "2 
Rs 1 2 
A TO. 4 * * * 


*. 


13 * - 
9 5 
— . „ 
= oY + 
0 Lo 
=\ — 


* 
VF 4 


Y 
—__—_ 
—_ * * * „ * 0 
a , 


r 


e r 


1 | This in Confruficiche func as the Gd Cav Pn vg, "a | 
4 by meaſuring the twiapgie A B-C, with the diane A C. == ; 
2 baſe Þ C = « A = 347 miles, then make the ange B C 


Y 


Ft 
1 
| 
Hy 
5 
: 


W 8 "*% 4 
* 


8 J 
— L V { f >, | 
r 


pare! 


NN — 


neren 


_— a 
RA 4 WA 
bs” * * 

1 * >» : > 


oh td ASSESS 
- o 


- 

, * N 
pr * oF 
l - * 
4 
+ 
— * 4 
Lie | 
__ 


F % 4 \ * 
Toy We — 1 
= "os I. - . e 


4 * U - 
. * 9 
4 * * * = { < 
© F &* REY r 1 az 
* 2 A y 


* — ' 2 
G 


1 « 

* 

25 ] 
* f 
* g 

3 

1 ö 


. 
+ 
** x & 


— * 


9 *. Unrvrnvat Navroaren 
6o)z285;( = 4.45 S, 
departed 


47 433 N, 60)492( = 8,12 W 

 * Latitude cometo © 72 ,4n | Longs departed 58 .17 E. 
_ = | Lon. come to 50. 05 
Middle latitude 45 „10 it 


To find the difference of Latitude | 

dy Square Root. 
* 24> X 442 = 201601 ſq, dift, 
3% * 347 = 120409 ſq,dif,mer. 


Remains $0192 {q, dif,lat. 
Whoſe fquare Root is 285 miles, 
To fird differynce of Longitude. 


N. S. C. M. L. 44 1 <0 
. M. L. ae 


To ſind the Courſe. 
Diſt,: R, : : dif, of mer, :S. C, 
* 1 
(49:1: 347 = 
77238. The N. 8. *. 


Caſe 8th One Latitude, — 
being given, to find the Courſe, Diftance, and We ad 


Sailing in the S. Z. quarter from the Latitude . 
tude 46.46 E, — Þ, vac Gi 


dians is i67 miles; I demand — of me 
ade, aud latirade come to? * 


As the dif. of lat. 242 2.152288 
Is to T. Radius 4 


oo 10, 
So is dif, of 


, 167 2.222716 
To T. courſe 49.33 10.070428 


As 8. Courſe 49.18 9.88190 
Is to diff. of mer. 167 2.222716 
Sa is Radius go .00 10. 


— — 


To the diſt. 2193 2.340809 
* Frem 


: To find the Courſe, 


As the dif, of Lag, 267 2.454325 
Is to Radios 500 10. 
So 18 Xx cf merid. 167 2.222716 | 


To S. C. m. lat. 35.52 9.767878 
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_ _» From go % ' '} SunlLat. 108 ,26- 
Sub, C. M. L. 35 .52 Lat. departed, 2 12 


Remains 54 .o8 M. lat. 2 2 2 7 
2 = 
Sum Lat. 108 .16 dw 
| Dif. of Lar. 142 
Geometrical Ge, Fi, I. Fi. o, 


With the difference of Longitude and difference of meridians, make 


gie B AC meaſured 
mil be 219.2 miles. 
8: 167 1 I 142 :1+: 1167 — 
26860 the N. S. of 35 .c2 the IN. T. 38 the 01 
5859 Mans ERS — 
From whence diff. of lat. 14 4 
* 167 + 20 = 219.2 the diftance in miles. QE 


- 


* 

i X 

* — 
* % 

: - 

4 2 


122 2 


for it 


be- 


tween tome places to agree with ;z and between other places 

with plain failing, whence it is evident that between ſundry places, it 

e e 

this fin | is the true middle 

. — he | 
conſalr 


F 


LL 


gz . Us ae Navicatren. 


bee 


It is known to every Philomath, that mercator failing is grounded 
on an extended middle latitude, from which — only we get 
thus geaeral rule. As the me: ĩd N of latirude : in to Radius : : fo is 
the proper . of latitude : to_the co fine f the true middle latitude in 
all piace, Hence 2 tabie may be made for workirg mide!e latitude 
failing as correct as by merca or. and for the ſame principles theſe vere 
made tor all latitudes; but then we hat] have ore tromble to find the 
middle lat. frem hence han by working mercator la- ing by mcridienal 
= to remeuy Which | caiculare the middle Gam ou Ru: ec, 

o cv 10, iy 2, Kc. 0 75 degres of lat m tor, 
which will de — lervt very well, then take the — ex- 
ceis of languces to every 10, 15. 2c, &. t 7 , ard of tueſe an arith- 
metica mean, by wh ch is compoſed the toiluwing table, for its cafe 

me, be carne: in leis chan halt an huur, and comes nearer to merca- 
tur „ tables for al. latituues, than avy other of its extent, und runs 
Van) ; roporti n. thercto, with; rei: to che increaſe of latitr de, ome 
it unt be obſerved tꝭ ru ib his Eſi , thas what is meant by · xce is of 
la: tudes is tneir common differ-nce, whether they be ot the ſame or 
different names; as for initance if cue latitude be 27 dey. a: © the other 
45 deg. eicher north or ſonth, or both, the exceſs is 18 deg, as well in 
ene as theother From thisgenerai.raic are Geduced the following cafes. 
"| 7 D. M. Of i When both places are in 


o 70 North or boch in fouth latitude, half 


= 
O 


« 1 co 
2 2 oo middle lautude, except when the exceſs 
25 3 oo obflat.is 100g. add zomtotheſumot both 
30 | 4 000 lat, and haf ha um is the true miudle 
3: | 5 30 latitude agreeing with mercator, which 
40 % Then Add 4{- 7 % I hall illufirarte with variety of exams 
45 * 9 oo amples, and compare the ſame with the 
50 i oo Commion rate of working middle lati- 
584 13 oo Lade and mercator ſailing, whereby th 
8 115 oo —— i (for note ule this 
654 i$ co Etiay is wade public) may judge of the 
70 21 o utility of the method, 
741 24 30 | 


| Example vt. Required che | Bergen las- 60.16N I lon. 18 %, 
middle latirude between north | Forel. lat. 51 NI. 1244 


Forelanc, in latitud: 6 ,28 N. — —— 
1.44 9 
— 60 
| Mid. Inv. 50-58 


the ſum of boch latitudes is the ue 


the 
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24. Reqaioadthe mid, 4 5+, Helena Larinnde 1+ f 8. 
e Aſcenen Lavewde 33 96 


12A * | 
Middle Lai. 33 .46 . 


Longitude | 
c * Aſern ſi n iſland in la- 


. WA. 


12 .50 

i Prom the latitudes and longitodes them bien, che r ane dif- 
mnces are cafily ound. Then in 3 

be round tn bear frm Northfrreland, N eaters, — 
3* Tule*z and in example 2d. Aſceſion Io Se, Helena N. 
49 27 wetterly the diu. 625 miles found by 3 . 
me. cat ier Lcd their gea-iugg and diſta / ces the very ſame un ab. 
notwittitandivg the variety of latitudes the a | 
ing here is bu: 4 minutes of a degree and not ove ſeventh ofa mile i 
he dulance whieh — the common methods to be juſt, 
when the diffecerc< of latitude doth not exceed 8 or 9 degrees but 
when the difference of lat. tude is 10 degrees and * 
maſt be bad to the table a3 in the following ex | 


Required the middle latituile berwben Cage Clear in latitude 54 .:oN 
0. 30 W. and Berbadoes in Latitude 13 ,16 N.Longi:ude 


by -25 


58 nels.” 


r 125 a 


Half this Sum | 20.44 


_—_— 


By the Commen Rule. St. We 1 ihe Bay ef Bulls 
$ % 55 ede y; Diſtance 4 347 miles. 


ad. By the New Rui-c, [heir bearing is S. 47 +35 welitly, and * 


d u 4256 miles. 3d. 


- 
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By Mercator Sal . Their courſe or bearing is 8. 47 
W and their difance = 4256 miles; nnr 
* 


Cafe 24, When one Place is in North Latitude, and the ather in South, 
NO rn OY CR eee 


— benmnen the ifnod Madan 


in 52 * 1 and St. Heiena in lautude 16. 08 
ee 14 

Their Sum is _—_ * * 

| One third the ſum is the Mid. lat. 16.06 ¼ — 


** 6 72 


Example 2d. Required the middle latitade berween cape . Via- 
ent, in latitude 36. -53N and Longitude 9.06 W. * | 


Lantude 57 58 S. and e 79 -51 W. 
Cape St. Vincent 36. 63 N. Xx of Lat. 94.5 9 06. 
ICI 57 «55 8. > 79 51. 
— E 
| X Long. 

This Example is wrought after the fame manner example tin | 

enn n 

you muſt note that when the ** — lnitade i 

10, andthe 


(th found) 5 
hg bs — Bs 


duuble the number of the remaining deg. for minutes. Subu act it 
IIS rr ates oy. add to the com- 
In the foregoing table for the true middle latitude 


Required the middle latitude beween the iſland Madera in latitude 


32-44N. *— "7 25 W. * J. 


19.35 E. f 
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From one third their ſum £6 .g1 = 22.17 © Sum 37 ot 
Subtract twice 67 min. or : 2 .14 | 


Remains 20. oz the true M. lat. 20.03 * Lon. 2221 4: 


— —— —ͤ _ 


Requi d nd age , Cope Hein hr 57 408 
49 -50 longitade 5 .1 4 Horn in lat. 57 .58 
and longitude 79,55 W.. 


72 .07 and 72 X 222 24 


| Remains the true middle Lat, 33 33 


| Required the middle latitude herween the Eaſt entrance of the 


Straits of Megellan $, and longitude W. and 
| Cape Verd Ions 14 N Ne 17 20, EY 


Sum of lat. 66 28 one third thereof 22 .n9 . 


X Long 4 | 
For 37 half degrees exceſs of lat. add 6.15 2 * 


354 508 .15 True Middle Lat, | 


— 


8 * 


— 


9 


NAVIGATION INSTUMENTALLY. 


ere 

ing, i an 

A by Gale 2nd and Martin's. 

| ing rule, or ſcale ; they being inſtruments ſo common and expedi- 
Bous, for infrumental operation, chat few that are defirous of improv- 
ing themſelves in the knowledge of Navigation, go to {ca without them. 

"Bard wo the kee of which bi cad firſt, to 


9 Pg 
” 
— 


: 8 Fe Urn Naviesren. 


| give a eloigtionofthat part of the Gals which ſerves far our preſent 
#4 ; Se then prom ta the ale of it ' | 


| The next lice being the third in an 
ef numbers, which is numbered from the 


12170 
FF 


44 
Bo 


» - 5 
oF ; 
— . s 
” 
* — 


Ga 

3 8 
38 
12 
8 
"ry 


2 : - 
= - - 
7 4 
= * Y * 
5 


ſeldom uſe made in Navigation. 


third will have the ſame proportion to tl. e firſt, as the fourth is to. oils _- 
ſecond, and when the firſt and the third terms are both of. one dena= = 
mination, viz. both fines, or both „or both mw I "M 
| happens in moſt queſtions in Navigation, | 4 
fourth are of one denomination, 


; Exnts or numbers, and fo the proportions and anſwer, will 


'S 
- * + 
* 
. * 


n. 
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The next line is the fines, and marked at the rigft hand (fine) and 


numbered from the left hand 1. 2, 


» 4+ $» 6, 7. 3, 9, 10, 20% JO» | A 
ern — 
ar r 7 1 
20 are ſubdi into 6 parts, each part being 
is divided in part is 15 minutes, &c, Then 
find 20, and count 3 of the 
degrees are divided into 4 parts, and 


The next line is verſed fines marked (V. fines) of which there is * 


bid marked at the right hand (Tang. ) they pro- 
ceed from the left to the right __—— 
left hand, wird 90.00 the diviſions arc underftood in all reſpefts as 

_ all the propofitions in 


Or by thezfliding rule or ſcale, ſet the firſt term on the flider to W 
ſecond term on the rule, then againf the third term on the ſlider, W W 
will have the fourth term on the rule. and if the ſecond term have ©; 
fame ion to the firſt that the fourth hath to the third. hben 


dn es the third, and fo you keep along one line; whether 


. 
- 
. 


oY 5 EY * 
And becauſe the proportions in this manner cf working, are the 
as in logarithmetical operations, I ſhall not take the 


— 


3 5 opt yo 4 on the flider you will | 
. the: rule, and allo again — — 


| * 1 —— 


SIS — — y_— get f 
by tlie examples young Nero, — 
8 


- Fho.comge ond diftence given, 1 find the difference of lati» | 


Suppoſe ſhip fails N. W. by N. 123 miles 1 defire to know her 
ee b n a 


. 
As Radius: Is to the Diſtance : : $0 Sine C tothe departare, 
Thee b Srond Conga 


| Extend the or S. rhumb, to 8, 3 
extent from 123 on the line —— oe it and, 


7-4 
pan. 


Ws 


— yoke Darn an! Diſs 


- Aa Radies go .00 : to Pig. 123 : 1 


As Radius go 00 Diſt. 123: : 8. 5815. lat. 10a. 


Set 90 . 00 the firſt term on the flider to 12 the diſtance on therule, . 
68 the on 


— r | 
By Epen, in the Traverſe Table 6 


Find the courſe 3 points at the top of the table in difference of l- 


13 againſt 123 the diftance in the firſt column, 


ard under latitude-tands — — — 8 


3 the departure which was required. - 


** eee pom, 1 hd Di 1 


2 


rs ad 4 
* 
© 
4 £34 5 
L = 
* 
, ” 
„ 
* 


n 


** Sr * 
7 
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Suppoſe ain N. — har diflocig of 
note 3 departure. 


| By Scale and Comp offer. A General Rule. 


compaiſes from the firſt term to the third, and that extent 
hid the" fame way from the fheond, gives the fourth, the anſwer 


That is, extend from 8. 56 .15 on the fine of fines, to 102 on the 
line of numbers, that extent the ſame way from S. 90 yo 29 1 
123 on the line of numbers thediſtance ; and the fame extent laid 
33 - 4508 the fines the ſame way, will give 68 on the line of numbers, 
96 


4 

, 

1 ' 

. 

1 

= 

a 

3 
0 " 

* 
: 1 

"a 
| | 

N 
14 
14 1 

3 
RY” 

47 2 
Las 
. 

1 
. 

= 
1 

e 


vd. 


- . 
the” - 


—— | 
EET nt n 


- 


beet E. s an er dpaaebe mike; re- 
difference of latitude? - : | 


r mika 


0 e o,οj,ũ, 
_—— on the rule, for the diſtance ; againſt 
| $6.1; on the ſlder jou will have 108 os the rile the d 


— 2 


required. 


\ — Latitude and Deartae 
Seek for 3 points at the top of the table, and in the Colums under * 


EF Y 9 


at the top, look for 86 or neareſt to it, and againſt i in the ft 
2 ng a * _ 
— CE NW ELE PITS. | 


* _— 4 
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— W s 0 
If a ſhip fails in the 8. E, quarter until her diſtance be 123 mile, 


\ and her difference of latitude * required her courſe and 
departure ? | 


By ManTin's Shding Rule. 


om .00 on the ſlider to 123 on the rule, then againſt 102 on 
» you will have 56. 15 on the flider for the 8. C. Courſe, and 
f 33 -45 the 8. Courſe on the flider, you will have 68 on the 


By 22 of difference of Latitude and Departure. | 


AM --- Hu. fd Coe 4 


fails in the N. W. quarez a engl 
rech mils; required ber courſe and x of latirade, | = 


IE Yaris B Rube 


get S. 90.00 en the-flider to 123 the diflance oa the rale, then "__ 


gainſt 65 on the rule, you will have 33 .45 on the flider the S. Cou fe, * 
Eid againſt 56..15 the 8. C. Courſe oa the flider you will have 102 on | 
the rule for the difference of latitude. | 4 


Hythe Tb 7 din of avi nd Der, 


| Seek for 12 in the column of diftance and | it rum over the 
table till you find 68 for the departure, and at e 
it you find three points for the courſe, and 102 for the difference of 
lautnde 


Ta 1 
— bo - £ * » 


Cap Gu. The ae Latitude and Depart un given . 


4 
1 
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Sappoſe a ſhip fails in he 8. W. quarter until her diflivouce of la- 
F required ber courſe and 


+4 Maris“ Shding Rae. 
he (der, 
35 +5 


By the Table of difference of Latitude and Departare. 


through the columns of difference of latitude and 
you find 102 a.:aink 68, and over them you find 3 points, or 33..5 
courſe ; and again£ ic in the column of diflance you find 125, 


GET: 
22323 . = 


„423 „4 -. -- — 


* 2222 
1 n hed. 
- a . 


we have one latitude, courſe, and diſtance given, or both latitudes 

and courſe &c. the reſt are found by Plain Sailing, then find he 

_exaltly without a remainder, or fraction. This is the general rate. © 
the 


1 Find the t middle latitude degrees at the cap. 
p ef the table, or at the bottom, and under it, (if you find i at the top or 

aboveit if you find it at the bottom) in the column ofdep. find yourde-, 
r , 


. 1 
N - 
. , 7 428 * 2 3 — 
* — * * 2 — — ror, N > — n i 
Þ OUTER arte ns I OT” _— 
— * © 2 8 * 4 


itious method and of ſufficient exaQneſs for ſhort dif- 
tances ; there being methods ſufficient laid down in this treariſe for 
nore e ing ther ing once or twice in 2 week, but if 
you think it too much trouble to fabtrat the middle | acitude from 
Þ yon may find the mid. lat. amongſt the 
degrees as before, and find the in the column of difference of 


- 
= 


latitude, and againſt it in the column of diſtance ftands the difference of 


longitude. 


* 
99 — 
4 LN 2 
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. o 


ang give an example or two, aad refer the the y ang Navigator 
| — ls thy ny Nr 
ing a — as will 4 on in this Book, where I inall 


. * 


iſt, F'« ers e N. fails in the N. E. q 


ter int 10 N. her 30 miles; 

. Fo 

Lat. came to 56 70 $$ o Middle lat. 55 .35 
Lat. dep, from 55 co 55 00 | : A 

X of Lat. 1 10 111 10 


Diference of lat. 70: T. K. 45 : : Dep. 502 ToC 36 vo nearly | 
8. C. 36.00: Dep, 50:: : Radins go .0o : diftance 86 miles. 4 


| Hari ng found the courſe N. 36 .09 000 cafſterly, diſtance ite 86 miles, I 


complances aididetininnds. 22 let ut be 
—ůů RR of the dug on. og 
column of and you App» 2 
r 


W 


the courle, — ti 1 
— * 


149 45-00 51 3% 


1. a ns i... OE. * 8 X 


jon [12 : X mer.: 0 
| 3 of Laviande 2 (205 140 108 5 : 90.00 : . 


Here the courſe is bead = 30 degrees from the meridian, de 


latitude watt call it 53, which found in the ' 
__—— — ae 81 in the column of Iatitads, . | 


40 <5» Or ch 
EH the peareſt . which ol 


To Snd the Diſſerexce — Morena 37d 
of Latituds and Departare. p 


This This is the generally pad the offers in the Royal 
in erase journals, ws ", 


1 


= : =. 
p | 4 


1 (dep.) but 
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Then find the meridian difference of latitude in the column 
titude for that courſe, and no ſuch number can be but 
260 by 10 niles = 26, which look for under the courſe 30 0 
will find its departure = r<, which multipſied . eo forthe 
difference of longitude required, which diner only miles from = 
that found by middle Iacrade. 


- The courſe found by Plain Selling is N. — 
i 191 leagues = 9 . — N 


Lat. departed from 51. 17 N. — r. Hay 


& of lanitude _ 923096 51 . 7 [M. r. 


Intitade come to. 60.50N, Meridian n 
eats 


by mereator, i in the hb | 


| Now to find the difference of 
__ difference of latitude and and fince the meridian df. 
© Iatitude cannot be found in the table, you may call it — 
o it which is 14-1 d which in dip. ſtand 39,2 which | 
by :o makes 392 leagues che difference of longiride required, 


| nd ire fog by mile hls, nh 
og ie. bed og ati ing he peer dog's, | 
. „ by 
then ſeek for 277 —— ol 


8 hecolumadep te — 
8 

tance ſtands 39, bich multiplied * 
— longiade required. * 


Wa 
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-. THER 
Gregorian Kalender. 


HE Julian Kalender ceaſed, and the new account took place 
the firſt of January 1752, and in September following, the 


ith uſted by calling the of that month 
the 14th. and comtincing the 11> <A 


There are three leap years to be abated e 
to find in what century the laſt year is to be a leap year, and in which 
It is not; cutoff the two and divide the remataing fi 


rae © 
if (o) remains, the your i a hap your, but any ug remains 


a common year. oY 
Eample 1. wy I. Exam. 4th. | — 
a e | * * = hz 


PROBLEM L * 
To fd what Tear is Leay Year, Objerve this Rake 


by 4, what's left ſhall be 
Far Les ear (), what pat 1. 2, 3. 


The years 1772, 1773. 1774, 1775, 1776, . » 


ve they le yours or conmmen yours. 

4)1772( | After the fame manner the reſt are found, w 1 
* 1773 — is Year | 

_ Anſwer 1778 u 

97730 1774 ſecond after Do. 


| 1775 third after Do. 8 
443—1 com year 1776 1s Leap year. 


-— | ; 


* I K 
* 
x . * 
* 
* 


* 
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— * 


* nn 
; F fd the Donnie Leer Lande Lake frag Yew intents Tal, 


nd 2 fourth of it by. 
* 


| Var ki 


Pe di rhe wh nb fir ne 


t ip 


- 


2 L . den.. 
1 Ann enn: ; 
| 7772 | 

1773] 

- 0774 
; 3775 
7 * 11 
4 

FF 

| . ö u. win "1 ; 

1 Are number is a dof 19 ea, to ke 
1 this circle is the change of the mos, — ig , 


2. the 
_ 
bw M 
xx 
4 | 


0 The Unrvensat NAVI Aro. 
o the change of the moon re 
| years, though not on the fame time of — 
_ 
The When 2, 6 1 
Rule Divide by 19. 28; and 15. | 
| That is, to find the „* 0 


then divide the ſum 19, he remainder is the 
— 


of our Lerd, © 
Ln_ | 


Examples Required th golden number oe pris, or the ya of 
{ _ Gur Lor@ 1772, 1773s 1774s 8775s 1776, and 1777- 


"778, | 1917305 1772 


Take ons fom the Golden Number, | 
For achane wut 6 "8 
© Thats, mhen one has been taken from the | 


I defire to know the epa®t for PECANS of © 
0773s 07736 0774» 3775» * mnt 


9 
\ , 
* 
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G. Num, 6 | | 1 
1 * 1 : ®.. . 
—_— The Epact i 17 The Anfwer required. \ * 
Remains 5 | i 8 : 1 
— — wy 
30355 | 4 


Tea 25 of the yearsas above, * 3 
„ 59 E 3%, Tg 
To fad the Age or Change of the Moon by the Eja2. 


m__ 


2 


PROBLEM VI . 
» | Te fadthe Meow's Sexthing, and full Sea or bigh Water at any Place. 


The Rule. Multiply the moon's age by 4. and divide the prodiit 
uY | dry he; ran}, I when the mom'oug 
. 


which nad. 
— 


exceeds 15, ſubtraft 15 from it and work with the reqyai 
Ju vide 5 what ns is ſo many times twelve 
1 | =P —_—— a . 


F 2 
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| wake hou of the fourking, then to the moon's ſouthing thus found, 
_ ads the time of ful. ſea on the full and change day, the ſum abating 
welve (i it excecd) d 


Auguſt o 1778, 1 to know the time of high water at 
| Whitehaven, Workington. Dublin, — Newcaſtle, Cork, 
London, Dover, Hull and Briito:, 


Month day 12 — ata 


E 25 - at Whitehaven. F 3 
——.— | 6 — 10 «24 


Sabosg : 30|*+ 
Moon's age 


| Flow: full and change at Dub- 
3 | hin 10 30 the ſane as at Whate- 
| haven. ' 


Flows F & C. Workington 11. 00 | 
Moun's touthing 10. 24 | 


13 

4 

5152 
1024 | High water 9. 
5 00 'B, and C. at Newcaſtle o ag 
10 -24 
1154 
3 „00 
10 2 


Moon 's touting f 10 2 


Time of High water 99 2 


Full ane change as Dover o .c0 
Moon's loathing 10 .24 
— 


of High water 10 2 
Full and changeat Cork 4 +30 | F, and C: at Waterford 4 % 


| Moon s ſouthing 10 4 | Moon's ſouthing 10 «ag 
Time of High water 2 454 Time of High water 2 +54 


Flows F. and C. at Hull 6 00 eee 
Moon n | 10 .24 
_—  w____ Www. 


4 High water 9 o'clock 8 54 


* 


5 b 
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& 28 . 
AT Tavis is Alphabetical Orr. 
A | 1 
H. u. 
nnn o 45 3 
Army 1 30 1 30 
St. Andrews 2 15 2 15 
13 4 30 
3 00 Cork in Ireland 4 30 
So 5s os 
32 5 5 
6 oo 00 
©6 co 4 1G 
6 oo us 
| banks 9 48 
1 Coxes | 10, 3@ 
2 B Caen in the Fe 10 30 
1 Calais Road 10 30 
| Brachy Caiſhot 11 15 


Breait 
| Bais without 
River 


SANs Assa 888 8 


888888888828 8388888858838 8 
— 3 4 SF; 
89 898 ess eoe e 


a 
8 9 OOO OB Ws Os = bo ws woes 2 22900 
© 


L 
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1 O << 0 0 Heede 


172888328888 383252, 83828. | in 8 ys sss esst 


tt g - © mg © Oc | Ganeennngs ans aac. E] 8 


* 


I 1 FA Mull 


288828888 $$228888022222985 3883333882 I 


0 © © „ „60008 O09 = nay 


1 


1110 * 
2 Hit | Hud 1H Fl 


= - bal > hs — 
” jo _— * 1288 V — — _— 122889 - - * — mi 2 "x * — — — 
* N pM 1 
— ä +49 ooo oo ger — SS IE = q 4 -————_ N — —— K — 
I" : wade, wa. : 
* 8 - l - 4 ** d * * = 
” > 2 þ 5 1 « > 1 rs 


> "=> | - 
CN "SIES EE Ew ooo wy — 
— — — 1 


erstes verre 833228 ese rs err e 


„ r 0 0% e -N ,x ee 0 220 


* 


li ulm 


8 8 N $888888 f 


4 10 — : x 2 
$1 F 3 | F ] 3 
Fi 1 Jul Hi 
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> 


383688888 


= - H. 
4 4 41 
Torbay 3 3 
Texel = ; $ 
* | ? - 7 
| U 9 
f 0 93 2 
80% Youghall in Treland 4 30 
10 30 Yarmouth Road 8 15 
| Yarmouth deer 9 00 
Yarmouth Town 9 45 
Yarme . 6 45 
5.0 2 : 
— 2 E 
= : Þ 


defire to know the time of high water at any place mer.tioned in it, 
you need but look in the letter that the name of the place begins with, 


and you have what time it flows on the full and change days, to which 


. h water ar any time, | 


5 \ 2 * . 
- 2 5 
_ — ——— 
3 _ * . _—_ ” _— * 
+- : . 
” 


To work an Obſervation, or 10 find the | 
| Fable of the Sun or Stars Declination, and * 
tance, c. 5 


HEN you take an obſervation by a comnen qua, 
the degrees and minutes that your fight vain ſtands at, 
added to the degrees that your ſlider or vain NN 
_ the zenith dittance or complement of the meridian altitude, 
which, and the d:clination found in the tables, 1 
tude as follows, 


- Fuſt. Take notice whether the fur or fare he ts the northward or 
| FGoutbward of you, at the tine of ble ation ; it chey ar tothe north- 
r tous 


The uſe of this tab'e is the fame „ you | | 


Seni 


north declination, ou muſt add the declination to the zenith diftance, 
and the ſum is the * 
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Secondly, if the zenith diſtance and declination are both north or 
both pouch, "ſubtraQt the leſs from the greater the remainder will be the 


— in of the ſame name with the declination, if that be 
the zenith diftance otherwiſe of a contrary name. 


Example 1ſt. Being at fea on The Operation, 
the 23d. of Auguſt 1572, and had | Sun's zenith diſtance 45 17S 
on my quadrant 45 .17 andthe Sun's declination 11 14N 


to the fouth 
The latitude obſervation 56 31 N 


ward of me; I defire 
» now went letoate ] am is ? 


The latitude of any place is the neareſt diſtance between the 
equĩinoctial and the zeni zenith of that place, the ſun's declination is the 
ſun's neareſt diſtance from the equino8tial, and the ſun's diſtance from 
the zenith of the place, is the zenith diſtance or com t of the 
fun's gltizude, new if too z the zenith diſtance you add o E the ſun's 


declination the will be E 2 the latitude of he place of dene. 
PL IL. Fig. 91 


Hence it 


r 


of the place of obſervation north. 
Maps no bor Tre | 


e g dans 67 .318. 


Sun's delination 21.198. 
zenith # 74 bas n 


be 67 .31 S. I defire to | Remain lat. of Obſer, 46 .12 8 
lat. of the place of obi | 


But when the declination is more than the zenith diſtance, 
then ſuhtract the zenith diſtance yaw $6 Coen, By remainder 
is the latitude the ſkip is in ſoqh, 


| 3d. Jan 2d, 1772. Sun's Ab 22 57 
OT joy 4A} Sun's zenith diſtance f 


37 


or ſoreſtaff, 1 


— 


. ee 13 17 8 . 9 


latitude of the 


If the ſun be r and hath fark declination, 
you muſt then add the ſun's declination to the zenith diſtance, the ſum 


December 


© the laticuds you we ip forth. 


- 


0 
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December 11th, 1772. 
It the ſun's zenith diſtance be 
27.37 Nerthe-ly, I demand the 
latitude of the place. 
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Sun's zenith diſtance 2) . 1) N. 
Sun's declination 23 .og N. 


Latitude Obſervation 5o .23 8. 


If the ſun be to the northward of you and hath north declination, 
ſubſtract the declination from he zenith diſtance, the remainder is the 
latitude you are in jouth, but if the declination be more than the 
zenith diſtance, ſubtract the z.nith diſtance from the declination, the 
remainder will be the latitude you are in north, 


Obſervations in South or North Latitude, 


June zd, 1572, ſuppoſe the ſun's 
zenith diſtance be 51 19 to the 
northwards of me, I defire to know 


what latitude I am in? 
_ Sun's zenith diſtance 51 .19 N. 


Sun's declination 22 ,25N. 


Latitude obſervation 28 +54 8. 


| July if. 1772. Supoſethe fun: 
zenith diſtance be 11 19 north, [ 
defire to know the latitude the 


| ſhipis in? | 
Sun's zenith diſtance 11 17N, 
Sun's declination 22 . io. 


a5 required, 


Variety 4th. Is when the ſun is between the elevated pole al 


the horizon ; that is, when the ſun or ſtar, comes to the meridian be- 


Subfirat the complement of the ſun's declination from the zen! 
_ diſtance, the remainder is the complemen 


t of the latitude. 


Or thus, add the zenith diftance to the ceclination, and ſubtni 
that ſum from 180. oo, the remainder is the latitude of the ſame nant 


& 


Remains Latitude 79.16 


with the declination, 155 
Example iſt. Admit in a ſhip at ſea, on che coaſt of Greenland, 
© Tebſerve the ſun's meridional zenith diitance at midnight to be 79. 
north, the ſun's declination being then 20. 37 N. required the 

of the place, ö | | 

Sub. Co. declination 69 .13 
| From Z diſtance 79.57 

- 20 47 Remains Co. lat. 10.44 
| Subſtract from CO ,00 

69 13 | |— ͤ— 


3 51K, | 


C 


ward, or from Z towards O if it b. norti ward. 
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Example zd. Of ſtars near the north or fouth pcle, that nei ther 
riſe nor ſet in high latitudes, and chmes to the meridian twice in 
twenty · our hours, ſu::poſing a ſtar's zen'th diſtance 42 .24 N. and 
its dcc'ination 87 0 N. It is required to find the latitude of the 


glace of obſervation. 

Fi Ges 42 14 N. 
Their ſum is 130 :00 
Subſtract from 180 O0 
Remains latitude 50 . oo N. 


Variety 5th, If the fun or ftars have no declination, that is if they 
are on the equinoCtal the Zenith diſtance is the latitude contrary 


to its name. 


Example iſt. A ſhip at fre, n 21 or September the 23d. ob- 


ſerves the ſun on the meridian to the ſouthwards of the zenith 50 .co 


uired the latitude the ſhip is in. 


. the ſun being on the equinoctial, and leaving no declination 


Variety Gth. If the ſun or fiar be in the zenith, that is direkily over 


eur heads, the declination is the latitude of the ſame name with the 
declination, this is fo plain that it needs no example 

I have here omitted giving directions for projecting the fc 
ſchemes ſince they are ſo very eaſy, to pratract, fo; having 


with 2 


chord of 60, deſcribed a circle, and croſſed it right ar gles with zenith” 


% 


E. Set of the fan's zenith difance from Z towards H ifit be Guth- 


III. If the fun or ſtar hath n rth declination, the 
be ſet of to the ſouthwar1 of the lun. and if the tun hath fouth decun- 
nation it muſt be placed to the northward of tie ſun. 

IV. The equinoctial being thus found draw through 


the circle, the equinoctial E. Q; and croſs it at right angles with the 
ais N. S. then if you find the north p le appear above the horizon 
ne H O, you are in north latitude, it the ſouth pole be above it you 


N. B. The 


ſtars altitude or Zenith diſtance, when obſervęd w'th a fore ſtaff, when 
the ſtar is on the meridian, to find which will be ſhewn in the uſe of the 


RULES 


- 
— 


— * 
8 
ne. 


. 


regoing 


equinoCtia: muſt | 


the centet of 


foregoing rules will ſerve to find the latitude by any of | 
the known fixed ſtars, if you work with the complement of any known 


b 2 
= 
1 
2 
l 
— 
2 
. © 
== 
- 
9 
PL. 
A 
_— 
1 
5 
4 
| 
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bu 
al 
3 
» I 
o bl 


* 
— —2 * 1 * * "Ina 
3 
2 — 8 2K. * * 


116 The UnivIS AI NAvicaTOR 


RULES yox LONGITUDE. 


„—— of any twa Places being given to find the * of 
Longitude between them. 


Aale. Ifthe longitades are bach eaſt or boch welt, fuberaQt the ker 
from the greater, and the remainder is the difference of longitude. 


But if one longitude be eaſt and the other weſt, then add them to- 
gether, and their ſum (if leſs than 180 degrees) will be the difference 
of len irude, but it it be mote than 180 degrees, then ſubtradt it from 

360 and the remaiuder will be the difference of longitude, 


Example 1ſt. What is the difference of longitude berween Cape 
Finiſtere and lilana Antigua? | t 


| Cape Finiſtere in longitude | | 09 40 2 
TT Antigua in longitude 145 
Example 2d þ 8 8 
Difference of lengirude $2 .05 


What is the difference of longitude berween Barcelona and the 
rock of Liſbou ? 


Barcelona in longitude oa. 18 E. 
E 1 09 .50W 
| Difference of haguade 12.03 
What is the difference of langiade ben the 8. E. point of Japan 
| and the iſland of St, Chriſtophers, 
AE 2 
| Bxceeds 180 .00 203.10 
| Sabin it from | 360. 0 
Remains the difference of longitude | 1356.50 
The Longitude ſailed from, and the difference — being given, 


to find what Longitude the Ship is in. 


Caſe iſt, When fail from eaſt longitude to the eaſtward, or 
Som walk loogirade to the weſtward, add the difcreace of ber- 
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to the longitude failed from the ſam (if leſs than 10 degrees] is the 
longitude cc me to, of the fame name with the longitude you failed from, 
but if the ſum be more than 180d. om. then ſubtract 7 from 350d. os 
and the remainder will be the longitude you are come into. of a c 
wary name is the Iuagitade you fled from. 


Example »ft. A ſni 4 from longitude 51 17 E. ſails to the eaſtward, 


ell ſhe wakes her e — of longitude 357 mules, required the on- 
Longitude departed from 51 17 71. 

— 12 carat. Ante... - 
Longitude come to $7 54 


A ſhip from the longirude of 1594. 51 W fails to the weſtward till 
her difference oc lou git. de be 1955 what| is the come to. 


Longitude 179 5r W | Caſe 2d. When you fail from 
Diff. of longitude 19 50 aft longitude to the weſtward, or 
from weſt longitude to the en- 
e. 199 46 "wn 2 
Subtract 36 00 | longitude :rom the longitude 
Dt : departed from, and the — 
Remains 160 1% E. will be the long. come to, of the 
the longitude come to. | ame name with the long, TO | 


But if the difference of longitude be greater than the de- 
from, then 1abitract the longitude you departed, from the dif- 
ference of longiruce, and the remainder will be the longitude come to, 

— aorta | 


Example Rt. A ſhip. fails from longitude 57 ar W, fails to the 
2 till ſhe —— her difference -oftonginede 15 543; Required 
what longitude ſhe is come to? 
Longitude failed from 57 37 W. 
Difference cf longuuce 15 454 


| | Longitadecomto — 4 43 W. 
Example 2d, A ſhip from the longitude 37 .35 Z. fails to the eaſt- 


ward, till her difference of longitude is 81.313 I deine to know 
what longitude the ſhip is come to? 

97 38K. 

31 


* 
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The Variation of the Compaſs. 


To fied the Variation of the Compaſs by an Amplitude. 


or by this proportion viz. As the fire compliment of tn lati- 
tuce : is to the fine of the ſun's declination ſo is ratius : to the fine 
of the ſun's true amplitude, from eat to the northward at fur ri ſing. 


be ſouth, or if the amplitude be take r at fun ſetting it wil be weſt 
northerly, with north declination, and weſt ſoutherly when the cecli» 
nation 1s ſouth. 


The magnetical amplitude is to be ft und by the compaſs at the 
time of the ſun's riſing or ſetting, 374 's i. ay degree - f in n e 
as you fee, it riſe from the eaſt, ur ſe: fr in the well, cither to the 
northward, or :o the ſouthward, as fur exanple, iuppoſe being at fea, 
I find by ſetting the ſun with my compaſe, To i. he rif-s rod. i m to 
_ the northward of the eaſt, then the magneticol araplituce is E. 1% 15 N 
or ſuppoſe I find by the compaſs that te ſcts 4d - 2m. to the tuuthe 
ward of the weſt, then the magneticai amplitude is V. 14 12S: 


5 3 


* 82 m—_ bw th << naw 2 yr 
i 8 | 


- 'Then if your true amplitude and 
the northward or both to the ſouthward, ſubtract the leſſer from the 
greater, the remainder is the variation, but if one be tc the rorthward, 


Now having found how much the variation is, it remains in the 


next place to find which way it is, that is, whether it be eaſterly or 
Rule. If the amplitude be taken at fun rifing, and the magnetical 


amplitude be farther from the north than the true anipl tude is, then 
the variation is weſterly, but if it be nearer to the north it is eaſterly, 


If it be taken at ſun ſetting, if the magnetical amplitude be farther 
from the north than the true amplitude is, then the variatic n i eaſterly, 
but if it be nearer to the north it is weſterly, as may be ſeen by the 
following example. 


Example 1ſt. Auguſt 12th, 1772. 


| | In latitude 54. 37 N. the ſun's magnetical amg i ute being E 2. 37 
| northerly at fun riſing, I demand the variation of tne compals ? 


0 
- 


1 true amplitude is to be found by tables as before taught, 


F the declination be north or ealt to the f uth vard, if the c clination 


ical amplitu e Ire both to 


and the ocher to the ſouthward, add them togetner, ana the ſum will 
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ö go . o As S. C. latitude 35 09 ＋ co. 0 
5 2; $4 -cO Is to 8. ſun's dec l ination 14 48 12 . 37 
— do 1s Ra jus — 90 . oo — 
35 O0 = |. Io S. tun's am | 26 .15 77 +23 
| Sun's true amplitude N. 63 qc Eaſterly 
| Sun's magnetical amplitude N. 77 .23 Eaſterly 
Variation weſt 13.38 


The Geometrical Confirufim. Pl. Ill, Fig, 93, 


With the chord of 60 degrees, draw the circle N. E. S. W. being 
cd at the center, then ſet the magnetical amplitude 12 .37 from 
. to F. and the true amplitude from E. to G, then the extent from 
E to N. laid the ſame way from G, gives falſe north, which angle 
13.39 is weſt variation, but if the amplitude had been taken at 
ſun ſetting and ſet from W. to E. and G. the extent E. N. laid from 
G. would give falſe N. to che eaſtward, and fo would be 13. 30 eaſt 
variation. 


7 


Example 2d. January 4th. 1772. In latitud-52 .35 N. the fun's 
magnetical being found 52.17 ſoutherly at ſun ſetting, required 


the variation of the com pais, 


Subtract 39 30 
ü As S. C. lat.: ſun's 4+, : : Rad, : S. ſun's amp. 
37 26 : 22-45 900. 3930 


From 90 -00 Ther for the Sun's amplitude 


Co. latitude 37 .25 J 


From 90 . 00 90. oo 
Subſtractk 39 30 ä 
True amp. S. 50. zo weſterly N Mag. amplitude 37 . 43 


f - amp. S. 3 weſterly 
N —.— As plain y appears by the rule 
Variation 12 4% weſt, J given at ſetting. 


Example 3d. March 1ſt. 177, In the 1::ti-nde 55 .37 N. he 
Sun's ical amplitude being W. 5. 7 northerly at the ſun's ſet- 


_ CO 1 
ung, the variatibn of the compals is required. 


Subtradt 2% 27 


< == 4 : — 
1 % — = = wr - 
—— —_ — 


— os 
LIES 


—— ab — 3 my = 2 
— ath — - 
pat ch — — 


m 
" r w 
> 


— — 
— 


- 


Added to 90 .oo give: 


the variation 


e Amplitude being E 
of the compaſs ? 
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AsS, Co. Lat. JJ +2 Sun's true Ampli, N. 103.15 W. 


Is to the S. ſun's decli, 7 16 :un's ampli. N. © 
Bob Rabi: * mag. ampli 4-43 *. 


ToS. ſun's amplitude 13 233. 0H Vaciation Wet 13.32 
As was required. 


fun'strue amplitude f. 103.15 3 


1 In latitnde 48 38, on 8 iſt, 1-72; The 


Sun's magnetical amplitude being E. 6. o/ ſoutherly at the ſun riſing, 
. : 8 


A= 8, C. latitude 41 .22 
Is to ſun s declination 8.03 


Go In the latitude 47 . 


From 90 0 90 00 
Subſtract 47 +31 33 .28 


Comp. latitude 42 +29 Magnitical Amplitude | 36 32 
As S. Co, latitude | 


To 8. r amplitude 32 R 8 „16 
To £ $ | 35 12 emains 18 „1 
| [ 18 15 The variation Weft, 
SubwraRt from 90 .00 rem, 54 43 
- Example 6h. June sth. 12 In the latitude wy .17 S, the 
fun's compaſs amplitude being W. 50.36 ſout herly at ſetting; re- 
' and the veratinn of the compte? - 
From As S. Co. ut. 43-437 To * 
Subſtrad — to S, ſun's decli. 23 0 Add 50 36 
| So is Radius go, co W 
Co. lat. 43 43 To S. ſun's amp. 35 -15 Ma, am. 140 436 


Add to 90. 00 | 125 T Sun's 


* 


42 20 True Amplitude S. 54.8, 
I to 8. S. declination 22 .56 Er 
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P 
Sun's ma = 
Sun's true 


Variation = 


go .00 


8. w. 
2 7 wet: 


"5 21 Weſt, 


NAavicarTor 


7th. 1772, In the latitude 46 .44 8. the ſun's q 
— 2251 ee at fu Cent: I demand N . 


From oo | The ſun's de- 
3 Ta 72 51 | clination be- 
S. Co. lat. 43 -16| ure arb 67 09 make 

. AsS, Co, Lat. 

Sun's mag. ampli. 67.09 
Is to the S. ſun's decli, 
So is Radius wum = 
To S. ſun's amplitude 1 132.14 
Sub, from go .oo rem. 1 — 


. Example 8th. September 11th, In the 
ow 4 che; latitude 44 
required the variation of the com 2 


From 


.17 ſoutherly at uniting; 42 


90 . o | From 90 , 00 

| Submat 4431 | 3 — _ The Sun's ge 
ö : 8 N. 
Co. latitude 45 · 29 | Mag, am. 8443 1 
As S. Co. latitude 45 29 Tp 2 
| Is to Sun's declination 4 .18 True A 8. 96 ,oz£, 
So is Radius go oo | Sun's Mag, amp. S. 84 ,43E. 

2 amplitude 6 03 — 

* 11.20 

Add to go .co makes g6 s ol. SE 


RoLzs for PEER « JovnnaL of 2 0 


W 
longitude the ſhip 


12 


ſuch an account of the 
E. able to know what lati- 
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place to another, that ſhe is ſo far 
lized to go out of fight of [and for any conſider- 
ppoſe frem England to Barbadoes, then at the time ſhe 
land ſhe is faid to take her departur-, and that part of the 


, Lizard N. by W. diſtance five ſeagues or fifteen miles. 
Or Start N. N. E. diſtance fix leagues or eighteen miles. 
And in the fame manner for any other place, bearing, and diſtance, 
as you will ſee in the firit day's log of the following journal. 


- 


diſtance, northing, ſouthing, eaſting, and weſting ; latitude by 
dead reckoning, latitude by obſervation, meridian ha mee, — | 
mace, and ſongitude in; you are to taxe notice, that in the column JF 
for courſe, you are always to ſet down the courſe you have made by | 
your reckoning for that 24 hou:s (that is from the ncon of the day be- 
fore, to tte noon of the day yuu work on) the ſea account being always 
kept from noon to noon, 5 


In the column for difiance you are to ſet down the diſtance made | 
ference of latitude be northerly, or with S. if it be ſoutherly. 4 


In the column marked Lat. by D. R. you muſt ſet down the lati - 
tude you are in by dead reckoning that day. "i 

In the column marked lat. by obſervation, you muſt ſet down the | 
' latitude you find yourſelf to be in by obſervation if you have one, if 


In the colum for mer. diſt. you are to ſet down in miles, how much | 
depardum you have made in all from the place you took your depar- 
Ia the column of longitude made, you are to ſet down (in degrees 

| eee 

de place you took your departure from. | * 


„ F . ; 
18 | ' | "1 page 
£4 7 = 2 l , 


LAS 


2. 
In the column of long. in, you are to ſet down what longitade you 
And yourſelf to be in, on that day by your reckomag. CE, 

an | 

Note, The actount of longitude made, being what is in his 
Majefty's gglg dre being —_ 
kept on the merchant ſhip. I ſhall in this treatiſe ſhew how to 
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Leeway to the left hand, one point ; 
Variation to the left hand & half a point Makes her true 


4 — courſe 
Their ſum to be allowed, one point and a half J N.W,byN. half W. 
Example ad. Suppoſe I ſteer 8. W. by W. with my larboard tacks 


aboard, and make two points and a half leeway, and I have half 
Point welt variation; what is my true 5 


4th. When a ſhi bs lying too under a main fail, mizon, &c: 
2 take the middle be · 


| | 
4 Ca N N 
! r 
bh. 
+ . % 
_— . - 
*+ o a 
il in that current 
4 * * * . 
3 


Rule 6th. Heave of the ſea is to be accounted for in the fame man- 

ſea heaving t 
a point weſt variotion, L 
- half W. with fo much 


; upon 
ſelf from it, muſt be ſet down in 
diſtance, Ce 


S 


Hung. * i 

bears com * 
err N. B. 28. f. W. 
hand, makes 8. 


— 
. 


} 


i 


F * 


i 


; 
L 


- 


911 
3h 


1 


9 
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| Rules to Correct the Dead Reckoning by an 
C . 
1 HE N you have made all the proper allowances you can, fuck 
1 fro? why tn currents &. aud ſtill find that 
latitude by dead reckoning will. not agree with the latitude by obſer- 
ration witl. in five minutes or miles, then you muſt correct zs follows, 
Caſe 1. If your cn by Dead Reckoning be due North or due South, * 
The Rule. Firſt find the difference of latitude (in miles) between 


the laſt obſervation and the obſervation on the day you correct, which 


| will be the true difference of latitude. then will your courſe be the 

fame as the courſe by dead reckoning, your true diſtance the ſame as 

the true difference of latitude ; (o), and your meridian 

_ diſtance 

| - were on the aay yon had the laſt obſervation. 

of} Capad. If the Courſe found by Dead Rechnning be bſs than three 
| 0h Paints or 33 45 £ 


9 


The Rule. Firſt And che difference of latitude in miles, between | 
che laſt obſeryation, and the obſervation on the day you correct, which 
will be the difference of latitude, allowing your courſe the ſame as the 
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longitnde made (or latirade come to) will be the ſame as they 
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| dead reckoning fince the laſt obſervation, and with 
that courſe and the true difference of latitude, find the true diſtance 


| Caſe 30. If the Come fim by Dead Rechoning, be mare than 3 yainy 
or_33 -45, and leſs than 6 points or Cy. 30. i 
| Rule. Firſt find the difference of latitude in miles between the hk 
obſervation and the obſervation on the day you correct, which will be 
the true difference of latitude; then with the courſe found by dend 
reckoning fircethe laſt obſervation, and the true difference of latitade, : 


— | 

laſt ob ion, and take half their ſum for the true departure; 
you have given, the true difference of latitude and departure to 
the true courſe and diſtance, [by the 6th. caſe in plain failing} 


cas ui. If the c found by Dead Reckoning be more than fu | 


| Joints or 67 30. 


* 
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Journal 8 of a Voyage, 
_ he O NM 
SE #6 l 1% ] 

8 5 | FEY. -# 


TOWARDS THhHeke 


and M A D E R 4. 


Tal * the Start, in lat. 
rain . 21 1K 
* and longitude 17 


. IG 


Our courſe from Start poine, 8. 28 ,15 weſterly, or 
S. W. 2 W,. Diſtance 1259 mules, or 419 x 
Difference meridians 596 miles or 198 + leagues 1 
Difference of latitude 1103 miles or 367 f leagues 
123 of grade 119 miles or 353 leagues. |} 


v» 


. 0 
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FN | TxAnSActiOns: 
.| Courſes ts. h. KF. | 
| Tueſday Aug. 25, 1772. 
2 5 
13 | | 
ho Start N. by E. di 
$5. W. by WJ 4 | 
O = ; 4 | : . af in 
2 5 latitude 50. 07 N. and 
2 5 longitude 3 .47 W. 
| & S. W. 5 , ; \ 
< | 5] Variation one point 
8 5 and a quarter Well. 
c ( 5 | h 
x F 
Courſe cor. Miſt. lat. d. r x lon;|:ong. in 
| 8. 30. oo W. 108 | | 3 34 2 w | | 
The manner of working this Day's Wa rk 


The oppoſite point to the bearing of the land is S. by W. which 
with n it, (as before taught) makes 8 1 q. E. 
the diſtance from the land 18 miles, which are to be ſet down for 

he firſt courſe and diſtance in the following traverſe table. 
Then the firſt courſe ſteered being 8. W. by W the variation al- 
lowed upon it, makes it S. w. by S. three quarters W. and the ſum 
ol all the diftances from 8 o'clock, where that courſe begins, to two 
o'clock being 18 miles and a half, we double their ſum, 


But if the book had been marked for every hour as it is in the Royal 
Navy and aboard Eaſt India ſhips, then we muſt have taken the ſum 
without doubling it for the diſtance, and in the ſame manner we 
reckon the other courſe and diſtance, all which appears in the traverſe 
table following, and then every thing required we ſet down ia their 

proper columns, *. 


A The 


9 * — 
* 
. 


\ 
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Then find the courſe in the tabe of > of latitude and 
and the meridian difference of latitude in the column belongi 
that courſe, the departure 82, which anſwers to the difference of 
wade, is my difference of longitade. 

Fer the L come to. For the X | 
Lon Start 3 -47 W. | Lat, dep, 50,07 M, * TY 
x of Long, 82 m. 1.:2W. | Lat, D, R, 48,34 * P, 3343 

Longitude come to 5 .09 W. | Mer, X of latitude 


Note, this method to find the difference of longitude by wa- 
— — hh dl 


, 


* a 


a - 
— 
. 3Þ 4 * 
Q . 


TrANSACTIONS..”. 


Wdujday Ex 3 
——— and 
| fair weather, at five (A, | 


M.) faw a to the 
—— hay 


BY The variation allowed for, and the diſtances ſummed up as appears 


Ditereace ot Lamad 959 are 
| 2 


— 


— = —_ 
PR 
—— 


ure IIS Ione Y, _—_ 
FX ae 4 ts — AT — 4 > — - 
i flow wo a 1 5 Bw * „% * Ss 
a - — 5 o 
„ 
a 
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The courſe and diſtance found by Caſe 6th, of Plain ſailing, wi 
be as in the other columns. by _ 


Diſtance 114 miles. | Latitude D. R. yeſterday 48 .34N. 

Difference of lat. 2 — * lat. to day 90 m. = 1 .36N. 

arture I Pay . > — 

Dead Lat. by D. R. 46 5 . b. b 40-58. 
Rec. Lat. by Obſ. | To find the Meridian Diſtance. 

; Mer. diftance 114 W. | Merid. diſt. yeiterday 53 W. 
X of long. 93 W. 

Longitude in 6.42 W. 


| Courſe S. 32.28 WM. Fer uur Latitude by Dead reckoning. 
By | 


Dep. or x mer. today G61 W. 
Mer. diſt. to day 114m, 


— — 


With the courſe and meridian Nc of latitude as before in the la 
days work, we ſind by the traverſe table, by taking the courſe 33 deg. 
we find the difference of longitude = 93 miles weſt, 


For the Difference of Longitude. For the Longitude foip is in. 


Lat. yeſterday 48.34 M. P. 33.43 | Longitude yeſterday 5.9 | 
Lat. this day 46,53 M. P. 32.00 | X of long, today 1,3; 
Meridian X of lat. 143 | Long. ſhip is in * "64 
Note, it is uſual in the Rayal Navy and Eaſt India ſhips, to keep an 


account of longitude made, that is, the x of longitude in degrees 
and minutes carried on like as we do the meridian diſtance, viz, 
82 + 93 = 175 and = 60 == 2,55, | 


8 


| — TI Traxzacrions, 
2 Was «ni kt. Winds. a3 
EE BR — Thurſday Aug, 27, 1772 
4 N. N. V | RD 
wp Moderate gales and cloudy 
: | "at 12 reeft our topſails, 
4 I | Hs = | 
"+ 2.3 2 | The Leeway and vacis- 
4] Weſt. | , son allowed as before 
144 1 | taught, the traverſe table 
= | | 
4 | 


r 
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N 3 ug | : By | | 
Numb. Courſes | diſt. | N. | S. 
, 
1 IS. W. by S. 24 20.1 
2 |S. by W. 4 W. 36 6345 
E 40 40. 
ocurſe 8, 1416 W. Latitude yeſterday 46.58 N. 
Dictance e —＋ miles | X of lat. to day 1.36 8. 
| Difference of lat, 95 8. | 
By |} Departure 24 W. | Gives lat. D. R. 45 -22 
dead 4 Lat by D. R. 45. 23 N. ; 
Rec. | Lat, Obſervation | | Meridian diſt, yeſt. 114 
Mer. diſtance 138 W. | Departure to day mo 


| Long. made 3, 29 W. 1 — 
(Long ſhip is in 7. 16 W. Meridian diſt. to day 138 


Courſe and diſtance is found by the 6th Caſe of plain ſailling as 
before, and will be as in the other columns. 


To find the x of lon. by the table | With the courſe 14 .15 and 


Lat. 16.58 M. P. 3200 | meridian difference of latitude 

LAT. 46 22. - M, P, 3003 | 137, the difference of longitude 

| 1s found = 34 | 

M. difference of lat, 137 
74 2 _ 1 | TRANSACTIONS, 
H. Courſes I 9% F. Winds, way) : 

} 2 Sourk | 4 | | Iw, S,W,': | Friday Aug, 28th, 1772, 
7 3 . = 
6 4] 1 | | | W and hazy 

1 | - Fj 8a; both to 

10 8. 8, E. | 41 | 8, W, I - OS 2 _ 
12 5 4 | | the latter, freſn gales and 
2 LY | rain, at 4 P, M, handed 

1 | | both top fails, | 
88, by E. a 2 3 

10 — 8 Variation 1 point W, 

Ln 


[Courſes corel. lit, ius, Ew x long M,Dlat,Ob, hard, r, long, in 
8, 39 -45 E, 94 626 85 78 i 44 1, 
eee e e 


Cs 


134 The UN IVI IS AI NAVIOA TOR. 


The ſhip having her ſtarboard tacks aboard when the leeway and 
vanation are allowed (as befere taught) the traverſe table will tang 


as follows, | 
The Traverſe T able. 


2 
1 | 


— >. 


— 


Courſes * * wal s. E. W. 


Ws ; 


* | S. S. E. 33 2 ; ; 130.5 12.6 | 
2 | 40 | 4x [25-4 30.9] | 
=& 2 | 12 | 16.3 16.3 
r Difference of Lat, 72 | dep, | Go 

Hine tte 8,50 4c 

ini — | Dultance < — Ya | 

x of latitude 72 8, 

4 Latitude D, R, 44,101 N, 

| Latitude Ob. 

Mer, diflance 78 mi, w, 

| X of longitude 85 w, 

C Long, come to 5 ,51 w. 


* 22 — 
= 3 a - —_ 
— — WJ — — — — — — PRs 22 . 2 
* * 5 = . 
2 yp — — — a 4 * 
_— — — — _ 
8 — — 


deal 
rec, 


'Trxansacrtions. 


Saturday Aug, 29, 1772, 
- Freſh and rain 
all 9 
hours; at 10 handed top 
ſails. | 


The ſhip having her ftarboard nl 
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* 
35. 


— variation allowed, the traverſe table ſtands thus. 


Numb. Courſes ou = 6. N. s. E. w. 
| 2 1 
5 PEI 11 3 
22 42.6 | has 
33 2 * * | 12.6 
12 1 S -1 11.21 : 1.2 
ſ | g6.4 
8 Courſe N, 29,15 Wo 
being juſt 65 without ary tenths, Diſtance miles 
8 5 — 
— 24 rt — _s x of lat, N 
departu _—_ Departure 
- It by 65 has by 4 — raves deal “ lat. by D, R. 45 16, 
dcing putt ſupp my itude Ob, 
tents 1 — the le far 
n ſailing thus . 
—_— 8 50) 36, 400056. 


1 ot N, E, 
CES is N. 9 2 
At 10, (P, M,) up 
N, N, w, of N, N, E. 
| the middle is North. | 


M x — lated, x; r. long, i 
|. —.— 


Variation 1 poine weſt, jig 
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22 


the lee- way and variation 
middle between what the comes up and falls of, as be. 
3 the traverſe table is as followeth. 


upon the firſt courſes, 


: 2 90,00 f 


35 m, | 


Wi find the difference of Long, Mer, diſtance 109 mile 
8, C, M, L,: . 2 x "1 * 2 7 E. 
„ne $ 552005 . 6,35 W. 
* | | | TranscTions: 

. 1 Courſes me kt. F, Winds. | 

— rhe 4 3 a 

3 ; W, S, w, 4 | Monday Aug. 3iſt, 1772, 
= ; RE 2 5 | | 
333 8. W. 4 Freſh gales the firſt 
3 a . cots part, at 8; A, M. ſet main 
| : I | | NB ar top-fail | 9 
3 I = | | | / 
| | 16 k The the latter part mo- 
f : | by . Sos The | derate with ſmall ſhowers 
24 UE _ar2P, M, ſet foretopfail. 
4 2 | | 
| 4 I | 8. 8. w. 1 2 _Variaton one point. 
1 
2 
8. 55 ,00 w. AY 


5 


r Navicaron 47 


—— une 1 1 n — 


— 


; 42,1)55,000(1,377 — 
tangent 54 ,00 


2 2. 58 : 90; * 
w : 58 


4 Te find the differencoof Long, | 
» By MB. lat it i ound = 830, 


b ge. i 5 
At 6, 4. M. Reeft 


Ne. FI S. E. w. 
55 


— 


_ 


7 | 5 
27 2 


a. K 
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Long, come to 25 pm, Lat, D, A, 
,_— In this day's work the foul! coming from the . 


the N, I. andthe variation allowed 
b mW * W 


10 2 


| TrantacTiOns. 


a TIN , — 9 
% 
LY . 
: 11 5 
22 ww wy „ ww ow on wy oo 
* * 


had 33 IE 32 rs s „10465 $33 1,38 


r : as — 


2 
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| S. | E. 
LOR 2 
o. 8 LET 
| 13-3 | | ou 1 
24 24-1 [ dut. 122.1 
22 


Por the Courle | 

24:22::T, 45 ,00: T. 42.31 

the courie S, 42 ,31 weſterly, 
Lat. .by D.R-45 335. Js. 44.31 :32: : R, 90, 0: 33 
L.. 3. 


er. diſtanee 3:3 W. S, C, M. L.: dp. :: R.: lon, 
_- — $Long. made 32 W. 2 
1 ſhip is in 11.34 W. difference of longitude. 


Note the current ſetting W,-S, W. one mile per haw, I aller tis 
variation upon it which makes it S, k Vp et — 
IIs 


reisen 4 
| In | TIT | {Pri $96 un. 177%, 
141 | 1 Geles and fol . 
2 F | ar be M. f 


ꝓ 4929222 * 


—— 


Nl bs 43 57 a 
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9 
0 


De 
| Lat. NP. K 43.57 N. 
n ere, 


— W e 
N 


2 


1 — — 
ſet them alf down as in the above carreftion. 98" 


ay 


— — Spe, 36. 1772. 
| — d clear 


++ S+>+SS>S> 


* 
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umb. Courſes | dift. P. N. s. E. | W. 
1 4 ij | | 


"Wa x: 


S. by W. 42 1 


* or Lat. 97 Dep Tr 90.0 [31.2 
PF 102.8 
8 2 Lr * 


112 miles 
Wau 


| . £4 


e 48 mil 


Irie . 135 W. 
r come to 12 25 W. 


— — 
— -U —— EE ES — 
* — 2 — 2 ” ” 
4 % +» 2+ &* — 229090 "0 
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* 
— A — — 
2 — — — 
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|  CarreQted by caſe 4ththeD, R, 
being more than fix points. | 


column, belonging to that degree, find ye 


diſtance, anſwering to which is 1 32, gives X of longitude. 


— 


25 Lee Txansacrions, 


1 | North, | | 


| - 
| I | | 


g 
n 2 — 
4 * — — Y — : — = 4 21 8 
p - - *. 4 +. 8 — AG - 5 0 T by — . R F | 
—— 4 27 x ati T3 i *< 0 4 e by” — - — a . IE 2 88 
1 * * : Lt” Ss — * : \ 1 * R — 90 . - - 
£ * N 5 -- * LI 
e Ä . nt oc oy AG wo 3+ — — — —ů— N N — — — * 
—— 4 4 122 — 4 => * x — — wW * = — — — — — 
12 —— - — — * — = I; —*: 25 _ "Ip * * — 2 = : — J - _— — — _ <a> * — 2 a —_ . 
. — — RO ku 2 3 2 Longs 2 ER * — 1 * p — _ 
. * 1 1 
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— 


x. s. E. W 


= — — 7 — 
— = - 
= 2 — 
> = - — 2 = — — 
— —— — —_ 
3 —— _ - 


* r 2 —_— * 1 
— — — p * — — —_— - 
— 8 — — 4 - 
. - 0 3 = > = & — 


Feel 


7.5 
| + 
. . 


7 
- 74-4) 14-4000(. — — * 7. T. 
11.03 the courſe, 
8.11.03: 14,4: N 
rr 41.08 N. 
X Amer 1148. 


: : R.: & long. 
: 90.00 : 19 
f 15 53 


= — — — 0 —— - — — 
-- — 1 2 — I — ” 2 — 
3 ͤ˙— es nn a” - aa - 2 
—— . * py i. 
? 8 ä = LY 
— — - — bs 


2 2 „ ern 


by 
% 


— 212 


— 
—— 


* 


4 


made 0 
Urs a 


Havi — f * 
le, r e 
der how to correct them all together by an 


— 


— — 
aon | Wedneſday Sept, gth, 1772, | 
| Little wind nad cloady. 


[> www WWwep pou 


- 


- —— - PDT N F 


1 
* 4 [1 
\ 
'N 
* 
9 
ny 
y b 
ntl 
: b 38 
* 1 
1 p 
- IE 
«2 
.% 
a ; 
71 1 
* 
"x 
= 
= 
49 
* us 
4.9 
5 ; 
* 1 
i * 
rl i 4 
1 
( , 
R 1 : 
\ 
" 33 
1 1 
1 ww 
aL 
1 ; 
ae” 
1 ' "hr o 
7 U 
x 4 
1. 'F 
ULIT. | 
4915 
THE. 

. 7 
& 6 x ? 
Wan 

q 1: i 
F 0 +43. 
v4 
. 
wa oy 
2 
=< bY 
18 
if . 
4 k 
Ic 1 * 
'n I 
0 * 
U 
o ik * 
. 

* \ 
1 
1 
1 
. +. 

f 
$2 
is 
* [ ' 
of 1 
1 
1 a 
un" 
= 
\ * 
t 
x1 b 
: Wh 
T1 
2 1 
T io 
1 
118. 
1 
> 4 
0 4 
T 1 
”" 
=. 
' "uh 
: "8 
7 » 
2 
3 
9 
* 
i 
7 
3 
o 


} | \ 


| 146 The Univznsat Navicarvbs. 


- As 8. C. Mid. lat. 0 6 h 
dep.8 b is Rad. . tothe X 
long. = 10 miles weſt, i 


y 1 
* 


Taanxsaer 10. 0 


Thurſday Spe. 10, im 


little wind and fiir 
weather. 
1 


Variation 1 quarter f 
ne 2" 


* 


— 


— — 
— 
2 — 
—  — 


— — 
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OO CORES 0 2 
= Courſes. | diſt, . IK LE 


22 ” 4 — 
— - 2 
- 
— : — 
: 1d — 
— — þ 
— — — 
— — — ; — 
- 


— 


— — = - — 2 


— - — > - 
— — ; — —ͤ' 
:— <=. 2. —=————_ 


— 
— — 
— 


3 — — 
9 


1 
3 8 
—=Y = — 
= . — 
—— 
i 1 


; | | . | | BY 

2 4 

S. by w. z w.] 46 | 2 2 13.3 . ns 

2 TROP { 4-4 1 

Din Gt Lat. 74 Depart. as. 12 7 4 

_ 

73.7)17,700p(.2401 = the Nat. T. 13 (30 the courſe. S. Wetterly-: Mo b 


As S. C. 13 ,30 : Dep. 18 : : Rad. 90,00 + Giftance 77 miles. M.D. 


Lat. D. R. yeſt. 38.32 x. | 526 
\ Courſe S, 13 30 w., X Lat, today 1.14 85 18 
| Duitance 77 miles 5 
x of latitude. 74 m, 8, Lat. by D. R. 37 . 18 N. 


Perus 5 AsS. C. m. lat. : Dep. 18 :: 
[ x of long. 23 


. | | Long. yeſt, 16.23 L m- 12-32 
lon made 12, | > 
Long, come 8 645. "RO 23 38 23 


244% PE - - hen; * 3 a Le 


N 
— 5 * 


— 
= RE ea ere 2 


my — 2 ad - > 
—— — — 


2 wet ces. 4 wan. 26; 
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— 2 — 2 
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—— — — 3 * R 


1 Friday Sept, 11, 1792, 
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The T reverſe Table, 


124 | ul 

82| | 8] 

[1 - | 
this Dav as above ES. DRIES / 7 Bs. 

| CY 325 50 


Here the whole diiference of latitude is 325; and departure 56, 
| Then 325(560,000(.1723 = Natural Tangent ent of 9,47 the courſe 
made good ſince the laſt obſervation. TOW 
My courſe found by dead reckoning fince the laſt obſer ation being | 
„ we are to correct it by 


8. 9 +47 weſterly, whicl. is leſs than z 3 | 
| Caſe Second, and to find every thing excepting the diſtance, 
_ „ Firt. 


* 
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Firſt, for the true difference of latitude. 


Take the latitude by the laſt obſervation 
And the latitude by obſervation to day 


Gives the difference of latitude to day 


Secondly, For the true courſe. 


The conrſe by D. R. ſince the laſt obſervation 
We ſet it down for the true courſe, as by rule in caſe 


41 -08 
35 -31 
* 
5 37 


* 


8.9 47 W. 


„Third, for the true departure. 


messen .47, and dhe true x of latitude 337, we 
find the departure by the ſecond caſe of plain failing. : 
As S. C. C. 80. 13: X of lat, 28. C. 8.1 
* 3 337 * 9947 : W 
r 2712 


Fourth, n Fifth, for diff. 
» Andmer, panaof io day'cob. 2282 


504 Take mer, parts 
Gives the mer, diſt, to day 562] Gives the mer, dig ef 


T,R, 45 : M. lan: : T. C, 9,47 : Gi, long. — 
of longitude © > .: 


Again by Middle latitude. As 8, C, M, lat, I 
Rad, go ,oo : diflerence of longitade 74 & 5 1 SEE 


Sixth, To find the long, made, 
Take long, mane alt ob, 12 ,05 
And the whole diff, dif, of long, I ,14 


Gives the longitude made 13 «19 


Seventh, for the lonitude in, 
3 574; i 16 3 


long, I ,I4 
Gives the longitude in 7 02 


Theſe to be found as follows, courke 8. 13 3 W. dig. of lat, 
187 miles, Ln f w. 


The courſe, Abende of latitade and departure as above, being 
what has been made ſince the lat obſervation (which was four days 


"age 


| di 


as follows, 


Mer, diſt, to day 
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ago) and as it is uſual to ſet them down only as they are made from 
noon to noon, therefore they are to be 1ubbed out and found again 


Firſt, take lat, D R, yeſt, 37 1;3N Then with the diff, of lat, 1.43 
And the lat, obſ, to aay 35 ,31N | (or 102) and the departure 15 we 

— — | find the courſe and dift, by the 
Gives the diff, of lat, 1,42 | 6th, caſe of plainfailing as under, 


2dly, take yeſt, mer, diſt, $44 W oa) 18, oo00(, 1682 N, T, 
562 W | q@ ,13 the courſe corected, 


The 8, C. 9,13 : dep. 18: : Rad, | 
Gives the departure 18 [| 90,00: diſt, 112,4 diſtance, 
: — - 5 1 TrxANSACTIONS. 
| þ þ | Va Saturday Sept. 12, 1772, 
— —— 5 
S. by WI 5 North, By reckoning I make my 
** 5. 3388 | curſe from the Start to the 
' 6] 1 
EW. 
ws \ | 
KM wa 21 
= | 
3 oy 
91 5 1 Variation oo 
FT 2 TS 


4 


8. 16 16 W. 215 


1 


— 


bh 


j 


29,1 


6 4 SR et E” 
Numb. Courſes Diſt. P. iN. & W. 
= 8. by W. 182 1 178.4 35-6] 
[2 £ W. by W. 4245 23.3 34.9 
\ © 
Differ erence of lat. —Þ ” 202.7} | 766 
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201,7)70,50000(.3495 = N. T, 19 ,16 the Courſe 
As 19,16: 70.5 :: 90,00 : 215 the diſtance 


Lat Obf, 35 ,36S. | m, d, 562 | To find the diference of long, 
Diff, of lat, 3, 22 S, | Dep, 71 | 202: 71:: 242:35 | 60)85(1,25 


Lat. come to 32, 148 D, R, 633 | Courſe S. 19 , 6 W. 
made good from the Start Point | Diſtance 215 miles 
vi the 4 | Mi x of latitude 202 * 

. » P, 2267 [DU 7. 
Lat, come to 32 14 M. P, 2045 | Latitude D. R. 32.148. 
—— | Mer, difftance 633 w. 
Meridian diff, of lati, 242 Longitude made 145 4. 


Note, the method uſed by the officers in the Royal Navy, to find - 


the difference of longaude is by the traverſe table, thus by mereater 
the courſe here being 19 516, which is nearly one point and three 
uarters, then the mer, diff, of lat, 242 devided by 3 as being too big 
the table, gives 8 1, which ſought for in the column of lat under 1 
point aud three quarters, you will find 28,6 in the dep. anfwering 
thereto, and 28,6 X 3 = 85.5 the difference of longitude required. 


Caſe it. When you keep the account of 


Latitude and longitude of the place you failed from, and the latitude | 


ſhip is in 


diff, - y 9 yo - of lati N 
2 Trades and the difference of longftude is to be found 


by bringing the longitude made into miles, with which proceed 


as in the firſt caſe, 


The agreement between theſe two ways are ſeem as follows, 


On the 12th of Sept, when I made 
land my long, in, was 18 ,32 W] made was 14743 
long, Sart, or where I dep, 3. A7 | Which multipied by 60 
The difference of long, 14 ,:; | : | 

Which multiplied by | { Makes diff, of long, 833 m. 
Makes "3; } the ſame a: the other cafe 


3 7 


10 


On tbe fame day our longitude 


—— — —— | 


_— 


* K — — . 4 4 
„ — 82 * 
- - . * = 


- = 4 front nh «él pm 
Oe 


— 
2 
— 


22 


. 


— 2 = 2 = 


— 8 


—— - 


3 T 
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| To find the bearing and diſtance of any place from the thip upon 

| any given day. 

Example, Suppoſe I would know how Madeira bore off me, and 
ee ee e : 


Then with lat. Obſ. 41 .o8N | M. P. 2712 5.37 
And lat. Madera . M, f. 2080 = meters 


= a 

— — ih 8 22 FS — 
— 1 =  —_ PL - — — — — 
— — — — 5 
"ITS *, — — 5 
> Þ £< ; 
* —— I — — — — — 
7 — 


8. 24 | 632 LEA | 
multi. 60 is equal 504 makes 93 mile 


— IT PEERS RS - 
— — 
5 — a — 


Then as mer. diff. of lat.: x of Jong. : : proper x of lat.: "x mer. . 
632: 504: : 93: 742 meridian diftance. | 


As Xof lat.: R.:: dif. of mer.: T. Courſe, —504 : 45 ,00::74:8,22 
Here the courſe is found to be S. 8 ,22 w, and diſtance $08 miles 


* - 5 
- as % 
2 - 4a a 
4 * 
af FT 
= — © —_ - 
— — 3 ha 
_ . - 
* — - 


4 


obſervation to ano- 
there is between 
i ones; I ſhall ' 


15 


'F 
2 


E 


Whole difference of lat. byD.R. 294 | 1284 
Whole departure 138 


— 


The Univznzat NAVIGATOR 254 


The difference of latitude and departure thus found, gives the courſe 
by D. R. from the time of leaving the land S. 25 .55 or 26 .ooW. 
and the courſe being leſs than 23. 00 I am to correct by caſe the ad. 
and to find every thing except the diſtance as follows. 


| Firſt, For the true difference of latitade. 
Take the Jatitude of the place failed from 5o 07 N. 


And the latitude in, by Obſervation CS .- 
The difference of latitude On. 4 »57 07297 m. 


Fourth, for the Meridian Diftance. 

When ever you correct from the time of our leaving the land, (as 
ere e 
 parture found by correfting, which in this caſe is 145 W, | 

Fifrh, for the difference of longitude: This I ſhall find both by 

latitude as follows, 2 


| ' AsS, C, m, lat. 42 ,22 : dsp, 

14; :: R. 90, 0: x long. 215.1 
Meridian Parts 3488 
Meridian Parts — 


Meridian x of lt. 441 m. 


As T R. 46 ,o: M. x lat. 441 
:: T. C. 26, 0: X of lon, 215.8 


Sixth, For the Longitude made. | 

When ever you correct from the time of your leaving land, as you 

do in this caſe, then the longitude made will always be the ſame, as 

the whole X of longitude found by the correction, which in this caſe - 

1 215 males. eqaul 3.3; W. | | 
f gitude in. 


Seventh, For the Lon 


To the Longitude ſailed from 47 W. 
Add the x of longitude 335 w. 
The ſum is the longitude in 7 ,22 W. 


X 


_— — 
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A Collection of Queſtions to exerciſe the fo 
Work. 


ip fails from a certain port between 


regoing 


Ae 


. 


The Geomgtrical Conflruftien, i 


60 miles the ſum of the diſtance and difference of 
etect the perpendicular C d = 60 miles, being laid 


Make A C = 1 
1 | ; and draw the line A d, which biſect 


distance and difference of latitude : to Radius : : So is the departure 
tothe tangent of half of the ſhip's courſe, the doubled is the courſe 


Than as ſum diſt. and & of lat.: T. Radius: : dep.: T. 4 d AC. 3 
160 : 45 ,00 : : 60: 20,34 doubled is = 4t ,o8 the courſe. | 

| Secondly, As 8. Courſe : departure : : So is Radius : diſtance. 
S. 41 ,05 : 60: : 90 ,00 : 91 ,21 the diſtance. | 


From 160 ,oo | Hence che difference of latitude 


Subtract 91 ,21.| 68 79, the diſtance qi ,21 and 
courſe 8. 41 ,08 W. —_ 
| Remains 6 „7910 N 
Cluts 7 pas ly. vo 


LET = 160 Sum of the diſtance and vc of latitude = 60 = the 
departure x = diſtance and a — » = difference of lat and (p. 4 E. 1 
4 2 + 24* x — x* =6* Then by tranſpoſition and diviſion x = 
2 2 , 
2 + = 91 ,25 the diftance, and a — x = 68 ,75 the difference 
of latitude, the courſe is found equal 41 ,o8 the fame as before. 1 


\ 
\ 


— "— XZ 


— 
_— 
E +4 * — 
> S \ - 
— — 
TX 


—_ 
— — 
— — 
— — 
= 
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— . * o — — _ 2 - 
Err — — 


eſtion + Suppoſe a ſhip fails from the tropic of Cancer, be- 
tween the ſouth and eaſt, and finds her latitude by obſervation to be 
12,21 N, and her diflance and departure in one ſum is 666 leagues 

or 98 miles; I demand her courſe ſteered, with her diſtance and 
—— ſeverally. 


—— 
— — 


- Fe 
- — — 
= —— » 4 
2 gen — 


EE — 
. — 
* 222 2 


The Geometrical Conftrudtion, Pl. 2. Fig. 97 * 


x | Make the line B D equal666 — ſum of the diſtance and 
departure, and make A B to B D, and lay 222 leagues 
from B to A, "equal the difference of latitude and draw the line A D, 
which biſe& in the point F, and draw F 1 dicular to AD, 
which will cut the line B D in the point C; C will be diftance, 
eee 


- 
ji 
+ _- 
= 
"I 4 
We: 
* 
fy 
"<1 
1 
W. { 
* 
" 
y 
"" 
"i 
wi.) 
+ 55 
$4 
4 I'1 
: : 
' 
1 
{v2 
"ww 
”y " 
i; 1 
* 1 
* 
| o 
ſy , 


Trigonometrical Calculation. 


In the right angled triangle A B D, we have the fide A B, equal 
222 leagues, and the fide B D equal 666 leagues, to find * 


ADB equal, 
As the ſum of diſt ad dep. ; 
From 23 „30 [T. R.:: x of lat.: T. 4 ADD. 
Subtract 12 ,24 | 666: 45 ,00: : 222 18,26 which 
; | - Joublee | is 36 ,52 the ſhip's courſe 
Difference of latitude 11 00 . 190 ,00=—36 ,52=53 ,08 , C. 


| Then 8. C. c. 00.5 0095.5 e 290 leagues, conſequently 
che exnele is &, 53 508 Eaſterly, or S. Z. 3 db a diſt. 


370, and departure 296 leagues, as required. 1 


5 a ſhi fails in the 8. * 
Quite 3% te oe be 1 
of her difference of latitude and departure ah nd 
10 find her cours, difference of latitude and departare, 


latitude and —_ ＋ b = 3 — of latitude, 3 
1 1 2 1 = —— 
2 οπ⁹⁴ - 


nas 220: Radius 90, 00: : Dep. 108: 8. courſe 64710 
whence the courſe S. 64 , 10 weſterly, difference of latitude equal 52 
and departure 108 miles as required. 


X2 | Th 
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The Tbearam in Words. 


From half of the 


ſquare of the diftance, ſubtract the fourth part of 
ſquare of the given fum of the difference of latitude and 
and the ſquare root of the erpwang bac x14 wing fer? mp wh 
the departure, and ſubtracted trom the ſaid half — diffe- 
rence of latitude. | 


Geometrical Conflrudion. Pl, 3d, Fig. 98 
Firſt draw the live A B C D, equal 600 leagues, and from ao | 


AE to make with AD an angle of 16 ,52, equal to half the given _ 
courſe ; alſo from D, draw D . 
at D, and continue B̃ E till ĩt cut A E in E; from E, let fall the per- 
pendicular E C the line A D, divide A E into two equal parts 
in G, and draw B perpendicular to A F. to cut A D in B, and draw 
BF, andthe projection is done, and B E C, is the triangle required. 5 


4 ithmetical 7 Calculation. | 


W 8A 
equal half the angle of the courſe B E C equal comp. Ty ny 

equal 45.00, and theſe three include the ang! 
5s deduced this general proportion for all 


balf the courſe, the comp. r then 


As che S. of the ſum of theſe angles, is to the ſum of three fides, fo 
is the S. of half che courſe to a fourth term. 


And as Radius is to the fourth term. ſo is 8. 45 200 to the depar« 


tuer; the courſe being given, and the departure thas found, the reſt is 
found by the common caſe in plain failing as folleweth, 


| 33 »45 | | 
Half courſe A = 16 52| As S. angle AE 


ED 
. Courſe 6 ,1c | (61 35 ) is to fide A D 600, 
£ECED=EDC 45 :00 |. angle A 2 to fide 


Sum is angle AED 118 „0% 


As Radius 00 , oo is to fideD E, 1 51 EDC 45 - 
re b, 1 9744s angle 45: 


. * 
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- — 


- . 
_—_ = Ix 2 = 
* — — — by - 
© £ - ” = - — 
_ A - —+. - - > - 
p4 * — — 387 


2 > 
. — 2 
— — — => * — x —— - 2 


1 3 
-—- — — 
— -- "x 
bs — 


— 


Third, In the triangle E B C is given the courſe E BC 


345. 
and departute E C equal 139,6, to find the diſtance and a 
of latitude. 


As S. C. 33 ,45 is to dep. 139.6 fo is Radius 90, oo to diſt, 251,23. 


Radius 90 , oo is to diſtance 251.2 fo is 8. C. C, 56 15 to & of la- 
titude 208, 9; hence it appears, the diſtance is 251, X of latitude 


= 


xt fag: =" —— 
2 82 
— 


— 
— 


4 — 
= =. 455 _ = 


Srl +, 2 => 
3 3 2 


209, and departure 140 as was required. J 4 
Queſtion 5th. If A dip tid 5 WW, , by 8. from the latitude 46 ,27 4 
ae 160 miles more than her difference of i 
latitude; [| defire to know her diſtance, difference of latitude and de- WW. 
parture ſeverally, | We 
1 4 0 
y Geometrical Conflruttion, Pl, 3d, Fig. 99, 4 
Draw the line A B at þ 4 
56 .15, and make A D equal 160, and draw D B to make I 
AD an angle of 106 ,53 wackd i, and on "Y 
the perpendicular B C to cut A D produced in C, then is A'B C the 1 
triangle required. i 
Firſt Tn the triangle AD here is all co ants. nah 4 
| vie, the angle A 56,15, the angle D is 106 I 114 
Fs 52, and A U (bo, to AB the 14 
N.B. u ng fe confrdion a aforefaid, line B D, cats of 
an ĩſocles triangle. whoſe vertical angle C, being 33 ,45, which „ 
taken from 180 „% 0 leaves 146 47 half thereof being Any 
_ each ot the = anglesCDBorCBD; ; hence 180,00 7 3427 equal 740 
106 753 equal angle b B. 4 i 
As S. angle B 16 ,52 is to fide A D 160 ons angle D 106 474 
w ſide AB 528. 0 953 | 1 
As Radius 90 .oo is to dift, go fo is SCC 56,15 to x hat, 796 | 


33 i X of lat, 528 fo is Radius 90, oo to diſt, 950 


Anſwer, I 
ture 528 miles as required. | 


+. fv Þ, 4 3 _ K 
— — — — o- 44 


— — n > 


Queſtion 6th. If a ſhip fails N, eaſterly 600 miles, and then her 
departure is 120 miles more than her difference of laticude ; | defire | 
s know what is her courſe, difference of lactude and departure. 


. — . 2 5 2 2 — — P > 22 — - 
9 = 1 — —ͤ— S . 
_ + * > . 


N — » 
— 
8 — — 

* 2 BY -- 

n 

g * 1 

—— þ 
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Make the diſtance A B <qual 600 miles, which biſect in the point 
ER, and let fall the perpendicular E O, then draw the obſcure A O to 
make with A B, an angle of 45 ,00 eut E O in O, then upon O as a 
center, deſcribe the ſegment of a circle A D B, in which deſcribe 
A B equal 120, the given x, between the x of lat. and departure, and 
uce AB at pleaſure, theu draw the line B D, and make the angle 
B C equal angle C D B, then will AB C be the triangle requi ed. 
1 and B C equal the difference of 


The angle c Þ equal angle c » Þ by conſtruction, therefore e » 
equal c n, anda c —c h equal a . ſince c » b equal BDC, 
and c equal eps C. 31 Ex 1) therefore will c equal av» 


e le given - becauſe a Þ » bein greater 
—_—CY yh gres of geo le, co muſt be leſs than a 
by the ſame quantity, and md © — 
| NN — c 
5 Trignonetrical Calculation, 55 
8 angle av B, To the angle 455. 00 
| ſo is fide a p to 8 angle a n Add angle 8, od 
i, e, 600: 135 ,00 (45 ,00) : : 120 — 
8, 08 Sum equal angle CBA 53,08 
Then ſay, as Radius 90 , oo is to From 480 
diſtance 600 ſo is 8, angle ABC SgSubtract 120 
508 480 the departure, 1 — 
53 Remains 360 


From whence the courſe N, 53 8 1. E, 3 quarters E, 
neareft, difference of latitude 360 miles, 2 


Queſtion 7th, S a ſhip fails W, 8, W, cm ths Heads. 
fre: "mt we Tee tao ps, 
parture; I dema ſtance, difference of latitude, — 
X and what latitude ſhe is cometo ? | 


| The Geometrical Conftru@ion, PL zd, Fig. 101 


ſt evidently appears from a Similar 6gure that the angle » e p equal 

22 zo and the ſides z c and p c being equal their oppoſite angles, 

via, Dando are alſo equal; From 180 .co ſubtract 22, 30 

Remains 157, 30 half thereof being 78 ,45, 3 
85 ©q" 
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equal 101 ,1 equal an le x D B, and go ,00 —78 1 15 equal 
>> B » ae wee wa B A D equal 180 ,00— 101 ,i5 — 


1: 315 equal 67 30. Then by Trigonometry. 


As 8, angle a 51115 is to | As 8, C, c, 22 ,30is to Radius 
A D 90 ,00, ſo is S anglea 9, oo fo is X of lat, 452,4 to 
78 45. to a B 452,4 the X lat, | dift, 1182 the Diſtance, 


As R, 90,00 is to dift, 1182 | Anſwer, diſtance 1182, x of 


o is 8, C, 67, zo to dep, 1092 | latitude 452,4, departure 1092 


Queſtion 8th, Suppoſe a ſhip fails from the latitude 30, 00 N, in 
N > IE OR of latitude 
to exceed her departure by 30 miles; I demand her courſe, difference 


The Gromatrical Conftruies. Pl. 34. Fig. 103 


It plainly appears from the figure, that the triangle = e b, is right 

and iſocles, the two ſides B v and n c being equal, their op- 

te angles are alſo equal as before recited, hence the angle n C 

equal angle » c equal 45 ,oo, then from 180 ſubtract 45, remains 

135 , o0 equal a ö c, then make a b equal zo, and on d make the 

_ (OC NS WEED © 

e of parts, 153 in your compaſſes, and one 

foot in 1 — — s on the line 

4 Þ produced, and dra a c, and the figure is finiſhed; for a n; is the 
departure, and » c the difference of latitude required. 


apr be. org oy 4 As Radius 90, oo is to diſt, 153. 

A D C 135 , 00 (45 , oo), for ſo is 8, C, courſe 52 ,58, to x of 

aD 30, to 8, angle 4 0 7,58 | latitude 112,1 the diff, of lat. 

As Radius 90,00, is to diſt, 153, To 45 08 

ſo is 8, co 37 o to re Add 7 „58 
Angle 4 c $2,359 


| _ Queſtiongth, If the ſhip fails in the 8, W, quarter, till ker diſtance 


is 200 miles more than her difference of latitude, and her difference 
courſe, 


of latitude is 96 miles more than her departure; I demand her 
diitance, difference of latitude and departure ſeverally. 


Anfeve red Algebraically.. 


Let a equal 200, the difference between the diſtance and difference 
e latitude þ equal 96 the difference between the — 


1 
1 
* 
* 


— — —— 
— 

_— _ 
- 
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= — 2 by =: 
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and departure; and put x for the departure, then the differencgof ls. 
_ titude will be x + @, and the diſtance will beequalx + @ + J, then 
dy (p. 47 E. i) we have this on 2 & + 222 4 =x> + 
2ax+2:26x + a* Þ 2 a 6* ud ſubtracting from both ſides x* + 22 
x + x * we have @ equal 2 6 x + 2 a6 + 6, wherefrre 
fore . > <q rag gg pe Wiak +26) 
equal 344 ,093 equal the departure; then x + & equal 640 ,033 equal 
X of inde ant & 4 © þ 3 equal Bev on: the Blhonee, 


For the Courſe. 


As the diftance 140, 03: is to Radius 90,00 : : departure 544 ,00g Þ 


2 to S, courſe 4o ,23, that is S. 40, 22 weſterly. 
The Geometrical Conflrudtien, PL. 3, Fig, 103 


- The SouT10n, Find the Courſe and Diftance to the fmilas 


Triangle, whoſe Diſtance is 50, and x of Latitude 40 


To 8. C. Courſe 53 ,08 „„ ; 
Subtract from 90 ,00 30: 50 :: 80: 133,333 diſt. 
5 — 30: 40: : 80:1 x lat. 


Remains 8. Co. 36,532 | The courſe is N. 36,52 eaſterly. 
Diſtance 135 ,533 leag, X of lat, 106,6 leag, the anſwer required. 


| Queſtion ich, Suppoſe a ſhip fails in the 8. W. quarter, from a 
ene for every 7 leagues ſhe runs, ſhe 
depert from the meridian 4 leagues, and fo ſhe continues 


ſhe 


filing ull 


FP A Ty my —=” 
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he arrives in the latitude 19, 39 8; required to find her direct courſe, 
diſtance and departure ſeverally, by plain filing. 


From From 34 ,51 
Subtract 34,51 Subtract 33 ,34 


As diſtance 7 is to Radius go , 00 fo is dep. 4 to S. C. 34 ,51 
As.Radius go , Oo is to diſt. 7 fo is S. C. Courſe 55 ,09 to X lat. 5,744- 
fimilar triangle; then proceed with the fides of the ſimilar 


* 0 
As $2744: 73; 282: 43,66 the diſt. —5,744 : 4: :282: 196 36 dep. 


Anſwer, her courſe S. 34 ,51 weſterly, or 8. W. by S. 1.06 weſterly, 
Diſtance 343 66 leagues, and departure 196 ,$6 as required, 


Queſtion 22th, Admit a thi fails from a 
hen Ge Bed 2 — 


in latitude 20, O N. 
three miles ſhe differs in 


latitude, ſhe from the meridian miles, and thus ſhe con- 
tinues will lier run is 555 leagues or 965 miles; I demand her 
courſe, difference of latitude, and departure, and lati come to ? 


Solution. As X of lat, 3: T. R. 45, 0: : dep. 4 T. cou. 53 ,o8 
The S. courſe 53 ,08 : dep, 4. : : Radins 90, oo : 5 proportional dift. 
Then 5 : 4:: 555: leagues— and 5: 3: : 555 : 333, From 
whence it appears that the courſe is S. 53 os eaſterly, difference of 
latitude 333 leagues, departure 444 leag. and latitude come to 3,21 N. 


2» fails from a certain 


a, then 1) 2x3 —24X +2 
*=2x* 426x + 6* that is the ſum of the ſquares of the dif- 
latitude 23 .. 


* 
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— 


and deſtroying x* + 2 b2 + 6b * from the equation and we have 


 #*—=2ax—224 + a* =o this equation gives x equal V2ab 
Ta equa! 636,03 the duierenc: of latiturc, and 05992 + 145 equal 
8 - 1.92 The d: «ſtance, nd Sor, ba. — 42 eqval er 92 the departure. 
hen for the courſe, day as, ihe 2: Terence © f izricude * 60 is to Tan 
6 Rad 4 5 45 500 fo 1 15 the d- Jarins 2 50 t the C 1 bur! — 34 „46, = 
m_— the diſtance is 802, X of latitude £ <7, Ecpariu'e to leagues, 
courſa 8, 34 240 wetterly, and latitude come to 20 ,05 S. as WAS re- 
. quircd, 


T he Geometrical ca. Pl. 3, Fig, 103 


Between the g ven differences in the queſtion find a mean propor- 
tional L F oy making B D equa! 342 and D E equal 145, and erec 
tha perpendtciva; DE at pieaſure, then upon E B deſcribe ſemi 
circle E F B, curtinz D Ein F, then is F D the mean proportional 
and perpendicular be-eto, make the line k G equa! F D, and cut 
of D H equal D G, and fo B H will be the xof latitude in this quei. 
— longed to C that C H may be equal to p E, Hap 

C3 deſert re age apply therein B JL 1 H, then 
BC C 1s ho — and A C the — required. 


n 


o 
{ 
5 
d 
111 
1 
a 
8 
© 
Rn þ 
'F 
4 


ſhould have been 57 — mare northerly; I demand has courſe, dif 
tance Ws — 


The Servrier, 
3 che right angled triangle A B C, here is given Dr 


of laticude 2 .51 equal 171 miles, A C 108 leagues albes * 
the ſuppoſed . of nnn 30 the 


5 ſuppoſed departure 


As ſuppoſed departure 324, is to R. go ,co, fois ſuppoſed x ef 
2775 to 8, C. courle 31.52. | 


| ASR. go oo is to diſt. * to ſuppoſed dep, 27 


= 


Hence Ann avs miles and 27 * equal 137.50. 


the true departure, and 171 — $7 equal 114 miles -V true difference 
of latitude, then find the true courſe and diltance by the 6th caſe af 
plain failing. 


As Xx of lat. 114 isto T. R. 45 , co ſo is dep. 137,5 toT, gourle $0.98 


K,8 


20 
* 


each ihip's diſtance and departure ſeverally. 
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As S. courſe 50,29 : dep. 137.5: : Radius 90, oo: diffiiace 179 


* 


Anſwer, Courſe N. 30 , 20E. or N. E. half E. neareſt, diſtance 179 m, 
x of latitude 110, and departure 137,54 


Queſtion 15th, Suppoſe a ſhip fails from an iſland in latitude 4,00 8. 
N. E. by N. until ſhe comes in to the laritude 4 ,coN. I demand her 
didance and departure to and from the c quator. Pl. zd. Pig. 107. 


Salution, go , — 33 ,45 = 55,15 4% = 210 m. = 80 lea. 


As S. C. ccurſe 56 .15 : X of lat. 30: : Radius 99,00 : dilt. 96, 


Radius o, cc: diſt. 96,2: : S, courſe 33 345 : dep. 63,4 


Aniwer, D:iiance 96, 2 departure 55, 4 leagues to and from the 
equator. 


Queſtion 16th. Sappoſe two Rips fails from the Tropic of Cancer, 


the firſt ſails S. J. the other S. E. the firſt fared 665 leagues, and 


the other ſailed to the equator ; | demand the fir mip's X cf latitude 
and departure, and the fecond ſhip's diſtance ard departure ſevcrally. 


Fend the ff Ship's X of Latitude and Departure. Pl. zd, Fig: 108 
As Radius 90, oo is to diſt. 665 ſo is 8, C. 45 ,00 to departute 470 


Hence her difference of latitude, and departure each equal 4-0 
leagues or 23 ,30, fo that the firff ſhip is alſo come to the equator, 
the jecond ſhip's diſtance allo being 665 leagues, and each ſhip's X 


of latitude and departure equal 470 leagues as required. 


Queſtion 17th, Admit four ſhips ſails from one port on the equator, 
the firſt ſailed N. W. the ſecond N. E. till they came to the Ticpic of 
Cancer, the third ſailed S. E, the fourth S. W. till they came to the 
Tropic of Capricorn, and were chen aſunder 940 leagues; required 

Pl. zd. Fig. 109 

The Sor uro By the queſtion it appears that each ſhip's dif- 

ference of latitude is 23, 30 or 1410 miles, equal 470 leagues, and 


eacn ſhip being 940 leagues didance from each other, the: r difference 


„— — 


oflat. and depar. b. ing equa], and cach = 470, then V. 770 x 470 X 2] 
665 leagues, tnc dilta. ce iailed by each ſhip, as was require. 


13 


Queſtion 18th, Suppoſc 2 maſter of a ſt. io coming to an anchor, 
and would moore his ſup, hav ng ninty-f.ve fathom to bis {mall bower 
Cables ſervice, and found thirty-tive fachom of water, the buoy bearing 
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Ing the firſt ſhip Teng 224 and departure, 
Sen 
ference of latitude, to find the courſe and departure as follows. 


= 
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up and den; I defire to know how much of the beſt bower cable he 
muſt veer out to bring his ſmall bower jervice in the hauie, when the 
ſhip 1s hove up again and moored. Pl, zd. Fig. 110, 


The SoL.uTton. By the queſtion DE quiet ad Ade 35. 
then W 93*—55* equal 88 the diſtance of the buoy from the thi op 
4 D, then 88 X 2equal 176 equal AB and 176 x 176 equal 3097 


hence V Jog70 — 1225 equal 176 fathom- the length of the beſt 
bower cable to be veered out, whence the ſhip is hove up and moored. 


| Queſtion 1 Suppoſe three ſhips are al! bound to one part, one 
: . ,00 N. the ſecond in latitude 30 ,o0 and the 


latitude 40 ,oo N, and the port lies in latitude 5500 N. and 
failed one > dior, vis. via. 740 dd IA EtaS 
and departures. 
Sor urton. In the figure is gi en the triangle A 

„ known the diſtance and dif- 


— 
they all 
courſes 


B G, repreſents 


Firſt ſhip's & of latitude 30 00 equal 690 leagues, feeond ſhip's x 


difference of latitude 20 ,00 equal 400 leagues third _ difference- 
| . | 


Bw the fit Ship's Courſe and Departre, Pl, 34 Fig, 111 


Then As diflance 749 : Radius 90,00 :: X lat. 200 : S. c. c. 54,12 4 


And as R. 90, oo is to diſt, 740 is, c. 35 ugg to departure 433, 
— Fr the fend Thiy's Courſe and Departure. a 


As diſt, 740 is to Rav. ae fois — C: C32 | 
As Radius go ,00is to dit, 740 b is 8. c. 37 ,17 to depaiture 622. = 


For the third Shiy' Courſe and Departure. 


As dif. 740 is to R. go o fois dif. of lat. 200 to S. C. courſe 15/41 | 


As Radius 90,00 is to Gift. 740 ſo is 8. c. 7419 to departure 13,3 


Souther-moſt mir 's courſe N. 35 ,49 weſterly, and departure 433 4 
legues; Middle mob ſhip's courſe N. 57, 17 weſterly, and 


622,5; Norther-moſt ſhip's courſe N. 71 25 2 departure 1 


712,3 leagues, 


_ | | £ ä 


83888 7 


4 
if 
Py * 
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Queſtion 20th, There were three flags fer fail, the Albemarle, bh 


— 


Union, and Namur, from port Mahoan in latitude 30,65 N. with 1 
four ſhips of war more, viz. the Cornwal, Oxford, 1 and Tor- 1 
bay; the Albemarle failed north, the Union failed N by N. and if 


| Menar of, med By e failed N. E. byN a 


— 
— —_ 
— 


made a tangent with the Albemarle, the Oxford failed alſo N. E. by . 
until ſhe made a tangent with the Namur, the Torbay north and the | 1 
Revenge eaſt, until they made Cree wah the Vie: how T ind 5 
each ſhi 


— difference of latitude and departure, the 38 


— . 


| ing the us, Pl. zd. Fig. 112 | 
Sor uriox. As R. go ,00is to fide a ess bbs, 4 a 33,45, to per- | 1 
pendicular e c 47, za. — .- 
As R. 90, oo, is to diſt. a c g, fois 8. Lc 56, 16, to baſe ac 7 % n ² 


As T, R. 45,00, is to hyp. a e 85, fois T. A 33. OP. by BC 56,8 5 | | 


As R. 90, oo is to hy. 2 
is ſect. £ a 33,45 to h. a c 10a, 2 


As T. R. 45 ,00 is to h. ac. 8; 
ois T. e. 56, 15 to p. 5 d. 127, 2 


: As R.go,00 is to AC | 
ous. 2 © 56,15 Ee | 


1 There are two 


— ä 3 <LI | F 
1 


| ryan | diſtance w the 3 rt n, equal 4 AB, 
Ae the firſt 
| n 
8 r 
; | 3: 1: : *: JI» » == Xx » 
T. .-Ei. 5 2 — y* eq 
2 4 —57⁴ equal by, or y* + by equal a> 
A LVEF +65; — + , 
151 a v is found equal 27 and 
al W a> —p> —7 * =V 45* — zz equal 36 = BD . 
36 F707 equal6o equals © | r | 


2” 
OY a, 
: 


1 
„ 
- » * * *, * 111 
— *. 
od - * k * * 2.4 9 
by 4 . 


l 
P * 
7 " : ol. 
* A | "Wit * 
WIS 


— — SED — ==: —_— — — —— — 
* — 2 = * — = — - 2 1 . . - _ = We 2 2 — — —— 
— ry — - — — — —— —— * — - — — — 5 _ — = = — 8 - 2 2 5 5 * 
I £ - _ ; — — - — * - _ —- 2 OW ; 7 * A = o 
. ͤͤ d d ̃ U—̃ ... ws... = Das — — 


= 
— — — 
* 8 Pg 
> Lv aces g 
— 


x equal 
And 


3 ſquare root of the product of X lat, multiplied by the ſum of the 
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As the di ſtance BC Co As If: Ince 45 
Is to Radius 90. no | 3< tt Radius, 90 % 
So is departure © p equi! do is depr. eine A 5 27 
To 8, courſe Ty | 53 "48 Lo B, courſe 39.52 
Her iccond courſe Her firſt conrſe 


F Anfwer, "The ſhip's eaſting from A to B is 27 miles, the prrpcndi. 
cular B latitude eq al 45..36 N. courſe from A to B ecuai l. 35 52 
eaſterly diſt. re B to C equal Go miles, courſe equal 53 ,08 .J. 


Queſtion 224, Suppoſe a ſhip ſ-ils from a certain port at B in the 
ltitude 44 ,00 N, ſhe run: a certain diſtance, in the N, W, « aarter, 
then arrives at anether port at C, in latitude 44 . N. from the 

port C, ſhe utters her courſe 90. co degrees, and faiied in the 8, W, 
Quarter a certain diitance, witich exceeds her fo-mer diſtance dy; 
miles, and then arrives at another port A in dre fam langQyl with we 
Port failled from at B; required tic diſtance :funcr of tue © feb — 
third ports B, and A, allo the Jiſtance of the pts A and C, and C 
and B with the 1ſt. and 2d, courſes and depar. DB and DA. ſererally. 


F Solution, Let à equal 18, e C D, s 
equal 7,5 the difference of their diſtances eqaul A 6 and x equal the 
6 * Fig. 114 


8 11127 a: 1 1, 
1, faz by + y* equal a», 
. F herb $6. eee 
2+ 2 |4|2 by + 25* equalzaz 
. 15 * - 22 x equal 6 


8 th. E — + a md}; 

5 equal AB the ſum of their departures, hence the ſquare root of the 
2 of the ſquares of the difference of latitude and difference of diſ-— 
— added to the difference of nce of latitude, gives the ſum of thee, 


departures; Again » equal PVT od —+ x - 5=22,5CBin words 


| added to the fourth part of the ſquar- of the x of diſtances, 
and to this root add Shaif the ſaid diitance gives 22,5, then find each 
" courſes as follows. 


. A5 C 22,5: Radius 90, 0 : ; X of lat, 18; 8. C. C, 5307 ö 


Radius go, oo is to diſt. 22,5 ſo is 8. c, 36,53 to dep. 12, BD. 
As diſt, A C 3o is to Radius 90, co fo is v of lat, 18 to S. CC 36 52 


S. is to ud. zo fois 8. C. 53 207 ws departune 24 
Anſwer 


— 


The UNIVERSAL NavicaToR: 167 


Anſwer. The diſtance of che port: A and B. 37,5, diſtance E and 
C 22,5 miles, diſtance A C 30 from each other, firſt, departure 1 3, 
ſecond departure 24, co:rſe from B to C, N. 36 ,53 — co 
from C to A, S. 53 ,07 weltecly, 23 was required. 


= " a 


OBLIQUE TRIGONOMETRY. 


The Three ether Avioms of Oblique Ang? e plain Triangles, and the 
| 1 thercon depending. 


Axiom ſecond, In all plain — the ſides are in ſuch a 
Gon one to another, as are the fines of their oppoſite angles. That ik, 


As the ſine of any one an r 
of any — 


As any fide, is tots oppolte ante, fois any other fe, to its oppoſite | 


angle. 


Note, to find a fide begin wich 6 ang, nj Sad an angle be- 
gin with a fide. 


From this axiom are drawn the ful and ſecond caſes, and their ope- 
rations and proportions thereunro belonging. ; 


Caſe 1ſt. In the oblique e angled plain triangle A B̃ C, here i given 
the angle A equal 31, ig. 2 B equal 30, 51, and the fide A 


polite, equal 139 miles ; demand the ſides A C, — BD 2 
—y— i CE, 


The Geometrical — | Pl. 2. Fig. 118 


Draw the baſe u B, and make the Z. A = 29 ,51, and make 
fide AC= 139 mile., then make the Z C 118 zo or the . DC 


io equal the complement 118 ,50 to 180 , 00 and draw the ods 
* C, which is the fide required. 


Angle A — 1 From 180 Fo 
Angle B : 29 ,51 | 2 61 ,10 
Sum a 61,10 | Angle C 5 118 ,50” 


Men ſuration Mechanically, meaſure AB and Bc, on the ſame ſcale | . 


ef equal parts, you took A'c from, and you will find AB $34 wile, 
2 a £08 


a * 
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Solution As 2. B,iswAC,foisS 4 C, to AB. 
lieral. : As 8. angle B. vis wA C, fois angle A, to CB. 


939 By artificial Sizes and Numbers, the proportion 16 
find AB and B C by the ſecond Axiom before going, 

AsS, angle B 1841 . 

| 51 0,303005 2 51 9.303005 

Is to fide A C y, 4-4 SR I wide AC 139 2,143015 

— Svi8S. 4 C. 118,50 9,9425780 „8. LA 31,19 g,715809 


To the fide A B 244,7 2,388537 | To fide BC 145 2,1613329 
Teftrumentally, by Scale and Compaſſes, | 


Extend from Sine 29 ,51 to S. 61,10 (ſupplement 118, f) on the 


Ine of fines, that extent applied the fame way from 139 on the line of 
— 24457 the fide AB, 


— Ne that extent 


8 139 on the line of numbers will give 145, 


3 


Arithmetically by the Table of Natural Sings. 


| N. S. 30 HE = 54977 
N. 8. + — 58760 
* 3¹ . 1 55198 


4g it, Say, „4977: 139 : : 8760 


— "DR 4977) 121.7640(244,7 for 
4977)72-2522(1 45,2 none 2 4 9954 the fide AB 


22224 
N . 49908 

23160 

19908 


32520 
29862 
2658 ; 
3 cab 
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Note, if the Dr 
is acute and . 
when * os and oppo: 


t 


Geometrical Camffractian. Pl, III. Pig. 119. 


Draw the line  B, which make equal to 244.7) yards, adiy, Make 
cp 51 ; and draw » « produced 4, with 30 in your 
one in A, croſs » c produced in in the points c.and 

N cage wil beneany leaQs equal (acQ) 


inferior triangle 2e , 
will be Tag, u Annes 5 


. . | 4 
. . M, 4 2 [ * 2 


Meaſure the angle a c Qequal angle A e, and it will be 61 ,10, 
— «Quays A te 1 
118 , 50 obtuſe, becauſe the outward angle a c Q, is equal to the _ 
— 660 Hamed noſe eh B ac, anda BC, and BC 

meaſured on your ſcale pare wil guns „„ ITT 


falutin} Side « c, : © eagle n, a 8 1 
Iteral, a © Went, aud ſubtradt from 180,00 gives a e obtults "3 


Then 8 angle >, : fide a e, : : S angle a,: fide n c. . A 
Angle C 118,50 1 
5 Angle B 29 „51 | co. Ar, if 
g : AA. 139  7,856985 
Sam angle 148.41 | I» to SangleB 29.51 9,696998 
So is fide AB 244.9 2,388537 
| 1 S4Quente 61,16 10,942513 
 Remaind. angleB 1,19 
| 'AsS, angie * 29 51 o, 303605 
Is to fide a c 139 2,1430*'S 
So is fide angle 51.19 9715809 
| To the ideBc 145,23 2,162829 


2 Infirn- 


. 
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Inflrumentally by Scale and Compaſſes. 


Extend the es from fide 139, to fide 244.”, on the line or 
numbers, that extent laid the ſame way from S. 29 ,51, will give © 
S. 61 ,10 on ä taken from 180 ,00 gives 118 ,50 


bor the obtuſe angle e. 


Extend the compaſſes from S angle n 4.4. 6 $a 6.4 19 
on the fines, that extent era 
of numbers, will give 145,2, for the fide a » required. 


drithmeticaly by Nateral Sines. | A 


As fide ac 1 is to S angle » 29,51 N. 8. 4977, fo is fide a 2 
re to 87616, equal Natural Sine. angle a e Q, equal 61 , 10, 
ch ſubtract from 180 ,00, remains 118, 50, equal angle e, again 
fay, As N, 8, 29 ,51 equal 4977, is to fide bende 5, angle 


31 ,19 equal 5198; to 145-2 equal fide 2 
139: 4978 :: 244. 
— 4977 * 1393: $198 
nn 2139: 5198 
34839 139 
„ 1998 b — 
| , 19908 46782 
139)1217.87 +8719(1 16 equal gigs 
16% 3616 eq 210 _ 
| —_ 180,0 neee 2 
105 — | | 
973 118 „00 — — — 
— anglec, required _ >» 
857 19908 
334 — 
* 25742 
232 24885 
139 — 
929 
834 
25 0 


E Caſe d, In the oblique an nds falls BC gi 
—— P ABC given 

„ 51, Ke chique angle . AB _ 244,7, and 
”” fide c equal 145,2, to find the other angles and A e. 


The UniversSalt NAVICOA TO 171 


The Geometrical Cinſtrufion, Pl. 2. Pix: 118 


Make the fide A B equal 244,7, and aagle 4 29 „51, and draw the 
line A C, which make equa! 146, 2 from any ſcale of equal parts, and 
laſtly join the points B and C. and it is done. | ; 


Menſ/uration Mechanical, 
The angles C and B meafured on the line of chords are 31 ,19, and 
113 „50, and the fide A C meaſured on the ſame ſcale of parts 


you took A B and A C from, gives the fide A C equal 139 leagues, 
as was required. | 
- | As half Z 389,9 7.409047 
Sor urien Literal, Is to x of ſides 99,5 1,9997823 
So is T. half Z 2 75,04 10, 573973 


AB + zc=244,7 +145,2==389.6 - 
AB— BC =244,7—145,2—99.5 | To T. half x 4 43.46 9.980843 


| Again, As S A 31,19 o, 284191 
43-49 | I» toideBC 145,2 2,161967 
— } SoisS. angle B 29,51 9. 


| Extend the compaties from 389.9, the ſom ofthe fdes to 995 the 
applied the 


difference of the ſides on the line of numbers, that extent 

fame way from tangent 7 3 ,), half the _  — 

will give 23 ,34 on the line of tangents, the half difference of the 
angles. 


Then extend from S. L 5 31 19 ü 8. 4 A 29,51, bat ertent ap- 


| plied the ſame way from fide B C 145,2, ou the line of numbers will 
give 139 forthe fide A C required, i 


Arithmetically by of Natural Sines and Tangente. 
T 75 .o4 equal 3,749, Then as the ſum of the fides 389,9 
angles unknown) to the tangent half x of 


3599 
43 244 equal difference of angles. 


31 19 To the fide A C 139 2,143153 


2 angent k | 
1s to the X of the ſides 99,5, fo is 3,749 (N. Tan, half ſum of the 
22222 £9925 — 9567. equal N. T. 


1 mY 1 
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Half Z angles 75 ,04 | For the fide A C, angle A 31 , 20 
Half x angles are Angle B 26,5 1 N. S. 4979 
— — 1 2 Wo 145,2 X 4977 
118 ,48 Then 3200 : 14532: : 4997 — 


— | equal 139 equal fide A C required. 


Axiems 4th. From the half ſum of the three ſides, ſubtract each fide 
ſeverally, but firſt that fide oppoſite to the angle required, then the 
reſt ſeveraiiy, noting heir remainders. e 
Then as the product of the helf ſum of the fides and firft remainder, is tu 
the product of the other two remainders, ſo is the ſquare of Radius, io 
the ſquare of the Tangent of half the angle oppoſite to the firſt re. 


Example 1ſt. In the oblique ar.zled plain triangle A B C. is given 
the fide A B, equal 244,; mies fide B © equal 145,2 miles, and the 
fide AC equal : 39 miles; I demand all the angles ſeverally, of the faid 


I Half ſum fides 264 ,45 cor. 7, 
| x Remainder 19 ym 72 5 | 


| other 119.25 logar,-2.076 
W 5 45 2,098 297 
20,678 
Halfis 10, 228372 


| Tang: 75 3 
118 550 equal angle e 
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For the angle A. 


| . Ar. 
Half fum fides 264 ,45 7,577739 


Rem, 119,25 7,923724 


. | | 
19.75 1,295567 e 
Other Rem. | 19 5 2,098297 Other Rem. } 


Sum 10, 895327 Sum 18,86 1287 
Tang. 15,40 9.447663 Tang. 14 55 $:425642 
2 


1975 2,295509 


doubled is 31 ,20 EPIC IPA doubled is 29,50= CL. 3 asrequired 
Infrumentall by Scale and Conpaſſe. 


Extend the compadles from 1 45 2, the greater of he containing fdes 
d 264,4, half the ſum of the fides, that extent applied the ſame way 
rr een 
= ö I 
taining ſides, extent applied o on the verſed fines, 
118 ,50 the angle c required. _ 


Again, Extend the compaſſes from . the greater of the c. 
© taining ſides to 264,4, as ſum of fides, that extent 
the ſame way from 119. 25, the oppoſite remainder will give 128,1, a 
fourth number then extend from 128, 1, the fourth number to 139 the 
leſſer of the containing aides, that extent applied from o on the verſed 
fines wll ie 31,20 br he at A required, 


gens 264.4, half the fant of the Blew. 0 cud gas Arpmong 
way from 25 ,45, will give 134, a fourth number then extend from 
134, the number to 1 ed the leſſer of the containing ſides, 
be Sy wed, . - af a a... 
* 


| The Axiom iz of excellent uſe to ind an gle atone operation, yetnoe ä 
being ſo applicable to the inſtrumental way of working proportion, I 
| here give the fourth axiom, in other terms, which finds an angle at 


* 


Axiom 4th. I= other words when — ay plain wang 
= given 16 Sud the engine As 
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As the lo fide, is to the ſum of the two ſhorteſt fides, fo is the 
difference of the two ſhorteſt ſides, to the difference of the ſegments of 
longeſt fide, made by a' perpendicular let tall from the vertical angle 


upon the baſe or longeſt fide. 

Nate, let fall the perpendiculur c , (ſee the figure before- ing) 
from the angle * to the longeſt ſide, which Ade into — = 
ments, and the obtuſe triangle into two right angled triangles. 


A E 139,0 2447 2 284,2 8 : 6.2 | 
Be 145,2 _ 
284,2 5684 
— — 17052 
6,2 | 
244,7) 762040. 2 
* 4914 : 
| 94 
Gre. ſeg. 125 ,95 — 
:* 20 


Diff. 237,5 | Leſ. ig. 118,75 


With a chord of 60 degrees, deſcribe arches from the a gula 
a B c, to cut the containing fides of the ſaid angle, theſe arches re- 
1 meaſured, will give the quantity of the angular, viz. 


% 


angle A equal 31, 20, angle B equal 29, 50 an angle © 118 ,50 as 
: Was 4 | \ 
| 6 
As Hypoth. A C 139 2, 143015 As Hypoch. B C | 146,2 
Is to Radius 90, oo 1. to Radius | _—_ 
3o is baſe AB 118,75 2,074451 So is baſeB D 12549 


To S. BCD 60 „11 
70 8, 4 ACD 50,39 9,931436 Subtract from 90 „00 


Henes angle A equal 31,21 | Hence 4 B equal "94 
hc ding WA big norm 
Take this from 180, oo, remains 118. 51 equal angle c. 5 
1 MLS 


Extend the compaſſes from the baſe A B 244,7, tothe ſum of the fides 
284,2 on the line of num, that extent applied the ſame way * 
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275 
* wve 7,2, the difference of the ſegments by addi 
and ſubtractin he fog difference to and from 244,7, and dividi ing 
the ſum and . 126,95, and 118 ,75 for the 
ments of the baſe, then extend from the h aſe A c 139, to the 
leſſer ſegment A D 118 ,75, that extent laid from 5. 90, oo will give 
S. 58, 39; and go ,oo— 58 ,39 == 31 321 for the angle A, then ex- 
tend from 145,2 tu 125 ,95 on the line of numbers, 
from S. go , oo gives 8. * 
the angle B. 


The Uſe of Oblique a Triansles in taking Heights 
and Diſtances, &c. 


Problem I. To take an inaccefiible altitude 3 
Suppoſe that there is a tower e DE F G HI, whoſe aldtude e D 
you would know, and alſo how far it is off the ſtations A or B, taken 
with your qndrar, or ny ner proper ne the gl D bo 
with your t, or any proper * 

which ſuppoſe equal 45,21. | 


2d. nr n 
Ahoy in a right 1 
tower C Pl. zd. Fig. 121 ; . 


| Being at a, direct your inftrument again to e, and find the 
af the angle & a c, which ſuppoſe we wy tn 
1 „l. 


To fnd how far it is from the Station at a to the top of the Tower at 
e., er length of the viſual ray a c. ſay. | 


C0. ar. | For ce length of the viſual ray ne 
As S. e 14,10 o, 611289 As & c14, 11 co. ar. o, 61 2 
Is to diſt, a ®B 240 2, 380211 Is to ſide a3 240 2, 380211 
80 ia 8. 4B 45,2 19,352122 | 80 is 8, angle a 31 , 119,7 
To: fide 6 575 | To fide 6.- 20 

0 AC > 2,843022] 10 B © 507 2.705544 
"> * To find how tas the Tower ar B. 
of the Tower | i | 


2 1 


5 k 
As Radius gooo 10, {| Is to hyp, » c 507,6 2770584 
Is to hyp, B c 507, 6 2, 705544 | S018 8, B 44 »39 9.846766 


is angle 2 45,21 g,382122 — 
_ ' D To fide 3 D 356.7 1 
| Tothoheight&9 451,8 34557666 | To 3 » 356 L= 


ww , - 
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PROBLEM UH, 


To fot ale Height of an Ofc Sonilge ayes 2 Hill, er of Spire land. 

ing upon A 1 wer. b 
OA3 C, to be a ſpi | he tower 

whole hei The watt Rene; IE Fee. 


TH LITE 


In the triangle W O M, we havethe fideW M, 
— —— 50,15 


| co, ar, Faber 22 | IRR P 
42 8, . WOM 19,05 0, 85528 Is to fide M 365 2, 5622 
Isto. fide WM 196 2, 292256 SoisS, 4 oun 56 „15 9,916846 | 
SoisS, C. MW O 37 ,309,784447 — 
; , | 235 2,4482127 
ower and ſpire 


_ This line M O, is the hypothenuſe of the ri led triangle 
MON ben wick d l N 58 15 ne 4 s, 


wiangle W R have the fids 
20 56, nd Ad. Bt — 


24, In the of 
WM 296, the angle M 


37 ,10, from which take MW R 
angle WR M equal 16 ,14. 


co. ar. 
As S. Z WRM16.14 0, 553541 
Is ta fide MR 196 
So is S. RWM 26, 56 9,55 3010 


To fide RM. 250,5 2, 398807 


Hence the towers hei - 1 | 


151,3, which take from O 
39335» — rhe of 
the ſpire requued. 
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2,292256 | angle R ME, bekdes which you 


20 56, and there will remain the 


This fine M R, is the hypo- 
thenuſe of the right angled tri- 


have the angle RME — 
37 „10 to find RF, 


hs halls 90,00 10, 


Is to hyp. EM 250,5 2, 398807 
80 is S. RME 37 , 10 9,78 184 


To ſide R F. 


151,3 2179941! 


PROBLEM m. 


To tale an inacceſſible Di ſtance at tæuo Stations. 


| Being near a river, I ſec a church on the other fide, whoſe diſtance 
from any two ations A and B, taken at pleaſue I would know, 


i, Set up two marks, A'and C, and meaſure their diſtance, which 


let be 320 yards. 


your theodelite. or 


8 


** | 


- * 
1s 61 ,co equl ECD, 8 

your inflrument and take the angle EAC, 

42 ,00, then protracted your obſerva- 

ue angled triangle, ſuch as A BC, in 


GAO a2 oy FG 
angle CE A. 


AC 320, and if you 
wgle E CD, there will remain 19 o5 equal 


take the angle 


4th To ind the Gift, of the church To find the diftanceof the church 


from the ſtation at A. 


Co, Ar, 


| S. 2 C A 19,05 0, 4855279 
Is to fide CA 320 2,5051500 
Sois 8. LECD 61,05 9.9921688 


from the ſtation at C. 
Co, ar, 


As S. £ CEA 19 ,o5 0,4855279 
Isto fide C A 320 2,5051500 


To ſide EA 857 yrds 6,9328467 


Anſwer, | The church is diſtance from fation at C, 655 yands, d 
from flation at A 857 yards, as required. 
Aa 


To ſide E C 655 yds. 2.816188 


PROF- 


| SoisS. EAC 42, oo 9,8255109 
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To fi th. 3 of *Wwa mr e οe pa. "iy from (he Stations whence you 
cer, and aljo row fur u are off one another. 


; Being deheed tg and +: far the wind mill at F, is from the 
Deze at E, and how far ei : of them ig from the Rations A and C, 
taken at pleaſure. 


iſ, Set up two marks at the ations A and C, aud meaſure their | 
diſtance, which let be 325 yards. 


2d. Place your inſtruſnent at A. and take the angle F A C which 
we ſuppoſe equal 102 ,zo, and alfo the angle CAE equal 42,00. 


| 2d, Remove your inſtrument to C, and there take the angle PC A. 
equal 41 ,56and EC A equal 118 15. 


4th, Having protrattcd, or laid cn your obſervations upon pa 
you will form two oblique angled triangles, viz. E A C, and FAC. 


5th. Take the angle EA C equal 102 , 20 out of 180 oo, there 
will remain the external angle FAB 77 ,40, from which take the 


angle F CA 41.56, and their will remain a 35 44+ | 
which being found, Then | 


6. To find how far the wind-mill 7. To ind how farthe wind- mill is 
is from the firſt ſtation at A. from the ſtation at C. 
— 4 AFC ne 

As S. E AFC 35 ,44 04233577 1 ASS. . AFC 35 ,44 0,233577 
Is to diſt. of ſta. 320 2, 5051 50 | Is to diſt. of ſta. 320 2,505150 
SoisS. FCA 41 ,56 9,824949 | So is ſext. vc 77, 40 9,989059 


To fide AB 366 2,563676 | To 8. EC 535 2,728586 


2, Take the angle EC 2 equal 118 55, out of 180 00, and chere 
will remain the external angle E C D, of the oblique angled triangle 
AEC 6: os, — 2 the angle E A over | 42 ,09, * 

on it there will remain the angle AE C Sond 19,05. 


9. To find the diſt. of the houſe | 10. To find the diſt, of the houſe 
from the firſt 6:.ton A, | from the ſecond ſtation at c. 
Co, ar, Co, ar, 
As 8, Ar C 19,05 0.435527 | ASS, £4 480 19,05 0.485527 
15 to dift. of ſta. 320 2,5051 Is 7 dit. of ita, 320 2.505 150 
So is 8. ECD 61,05 $,942198 | 80 is S. x c 42.00 , 825511 


— 


To fide AE 85 2.932845 | To fidzec © 655 2.816188 
| | To 
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11. To find how far the wind-mill is from the houſe or the length of 
the line E F, you have in the oblique angled triange F A E, the fide 
F a equal 366, (und at articleGth.) the fide a E equal 857 (found at 
article gth) and if from the angle F a c 102 ,20 you take c 4 K 
equal 42 , 00 (Se+ vrt. 2 d.) there will remain the included angle FA E 
equal 60 , 20, ti. : :2ken out o 185,00, and there wili remain 119. 40, 


cording to caſe 4r}: of obliqn+ angleè triangles fay, 


„Ar, 
As the ſum of the ir guding ſiaes AE T AF 1223 6,9126574 
| Is to the different — A2 191 2,8910562 
| So is T. b. un rhe angles 79 7 0.238842 
| To tangent of zu ark 3438 9.839303 


The difference between this and tir half {umn 5: 35 512 equal te the 
angle FE A. Again fay, 


Co, ar, 
As S. angle FE A 3 7 | 0,370815 
Is to ſide A F 1 2. 563481 
So is S. angle FAB 5 20 9.938979 
To diſtance F E 79 2,80 3275 


PROBLEM v. 


Let there be a Houſe upon a Hill a 8, to be fupylied with water from 4 
Spring at O. in a Valley, betaueem this Hill and the Hill ar R, and 
bet it be required io find bow high the Water muſt be raiſed to come to 


Here it is ſuppoſed that there re not to be found in this valley, two 
upon a , from whence obſervations can be made (as at 

I.) therefore we muſt take ſome other way to anſwer what 1s 
propoſed. | 

| Firſt, Make choice cf any convenient point b, upon the fide of the 
hill B, from whence you may ſee che houſe, ard alſo the ſpring ; them 
by help of Siſſon's theadolite, or ony ſuek in ſtrument for leved ing, 

find the height of  », above the level of the ſpring at O, and the 


angle p 0», by theſc find 5 o, (by caſe 2d, of right angled triangles) and 


this line ĩs one fide of the 01/5510 angled triangle . 


zd. Your inftrument bein at O, direct the fight to . and ake 


the angle to 1, whole cxmp'-ment to 30, oo is the angle T. gu 
angle /e, to which aud the complement of tht ge P, ane wg 


the ſum of the an, les F and E, the half of which is 59 ,50, now ac 


222 | a zum 
, 6. 
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3 one angle of the did eblique angled. 


3d. When at p, take the angle c Cold ese 
| (cp being an horizontal line) Tas of theſe two is the angle / o, 
which add to the angle po/; and the ſupplement of that ſum to 180, oo, 
22 þ 0 }, by which and what alſo is gizen in the triangle / e, 
e ſo, and chis is the hypothenuſe of the right angled criangle 
t. ſo, with which and the angle %% before found, you may find the 


6—— — eee 


PROBLEM, VI. 


There is a rock near the Peak in Derbyſhire, riſing to a wonderful 
a which is inacceſſible, I endeavoured te meaſure in a mathema- 
method from a ſtation at ſome diitance, (nearly level with the 
— 9 ＋ of altitude to its top equal 47, zo and having de- 
figned a ſecond ſecond (tation, I took an horizontal angle of 87 ,o5 
between the foot cf the rock and that ſtation, the ured diſtance 
between the ſtations was four chains and twenty-nine links, or 429 
links (per Gunter) at that place [had an angle ot altitude equal 41,12, 
r take an angle between my firſt ſtation and 
the foot of the rock am in hopes ſome curious artiſt, will from 
this data, determine 5 rock. 


This 1 by Mr. Henry Travis, at 21, of 
Berg pl bye ney Tomi, = 


Let D, e and its eee from the foot of the 
rock equal B D, making a right angle at B, with 
e the ditabce of che two tanonsequal 429 links. 


| | Firſ, By help of theangle « c » 47 30, and 
ofthe rock equal 50 links, fd 4 4 


„ 
As 1. an . 7 „30 Co. ar, 
Ts to cr height oF e 50 


47 »30 
- To ſuppoſed ait. of he ff ation » e 45 1 


2 to 
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24. With the 


| AD 4112, height a m 50, 
findthe diſtance of the ſecond { van the of the rock 6 
1 d ſaying, 

why Aan 41 ,12 CO. ar. 6. 18139 
Is to ight a®» 50 | 1,6989 
So is C S. 41,21 9.876457 
To a D 57 1 1.756745 


d. Now in the oblique an triangle D c B, you have the ſup- 

AK „81, and B Þ equal 57 , lm, wick 
the horizontal angle n c equal 97,05, to find the angle 1 Þ c, and 
this will be the quantity of the —— ying, 


to be taken between the firſt ſtation and foot of the rock. fayirg, 
As ſuppoſed fide c n 5711 co. ar. 8,2432563 

Is to 8, angle 3 C 87 05 | 

So is ſuppoled fide » « 45 »61 

To S. angle z » c 53514 
And this is the | which was forgot to be taken be- 


rreen the foot — firſt ſtation, as before faid. 


Ach. Having found the angle » v > Cane es 14, addd it to the 
horizontal angle n Þ c equal 87 05, and the ſum is 140 ,19, whoſe 
ſup re 

fide B C 45 „81. and the angle 25 c equal Run 
e 39 -41, erer fide D c, 


35 


As 8, angle 3 D | 51 co. ar. 5090324 
Is to fide » 42 * 1,650960 
80 is 8, angle vn c 39741 9.805 190 
To fide 61 1502474 


1 links, — the fuppaked tW- 
tance is found'to be two little fo muſt the height of the rock be, then ſay, 


As the ſuppoſed diſtance 36,52 co. ar. $,437469 
Is to the true diſtance . n 2,632457 
So is the ſuppoſed height 30 1.698970 


To the true height of the rock 587.4 links _- 2,768896 
Hence the height of the rock is 5 chains 874 — 
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The Doctrine of abligue Triangles, epplicd to a great carizty 
of curious, we ful, Tad entertaining Problems in Navi- 
gation. 


Queſtion iſt. Suppoſe two ports lie — and ſouth of each other, 
and ſhip fails from the northermoſt S. E. by E. 147 miles the ſouther- 
moſt ſhip ſails N. E. half E. till ſhe nicets the ry ſuip; I deniand 
the diſtance of thie two ports and the ſecond ſhip dittunce run. | 


Angle B equal fives points 56 ,15 
Angle A, — | 50,37 
Their Sum 106 552 
Subtract frem : 180 ,00 
Remains angle c T 73 08 


The Geometrical Conſtruction. Pl. 3. Fig. 127 


A B C equal five points or 36,15 and B C equal 147 miles, from 


Ar _— half W. line A C, to cut the aorth and 
Back ka AB in the triangle is made, 4 


northermoſt A, the ſouthermoſt port B C, the northermoſt ſhip's courſe 
and diſtance A C, the ſouthermaſt ſhip's courſe and diſtance C, the 
place where the ſhips meet; then A B and AC meaſured on the fame 
| ſcale B C was taken from will ſhew your defire for A B will be equal 
181 and AC equal 158, 2 miles the anſwer required, 


By Trigonometrical Calculation. 
As S. angle CAB 50,35 co. ar. 0, 111867 
Is to ade B C | 147 2,167317 
So is S. angle ABC 565 —845 
To the fide A C 51 2,1990 30 
As S. angle CAB | 50 37 co, ar, o, 11186) 
Is to ſide BC 147 2,1673177 
So is S. angle ACB 72 58 9.975537 
ro the fide A B 181 2,2577117 


ebe the diftance of the two ports is 18 1 Niles, and the freond - 
1 1 8,1 miles required. 
: a 9 411 


Draw the north and ſouth line A B, at — and make the angle 
any ſeale of equal parts, and upon C. made he dogs BCA equal 


Then in the triargle ABC, n 
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N. S. 50 ,37 equal ,7726 7729: 147 : : 9518 
N, S. 56,15 equal ,8315 147 
N. v.72 ,05 equal, 9518 — 
| | | 66625 
7729 :147 3: „3315 38072 
th 147 9518 
88205 7729) 139, 9146018 1.02 
32260 7729 miles a 3. 
8315 : — — 1 : 
7729) 1 22, 2305 (158 ,14== miles | 62624 
7729 Ac. 61832 
4494 7926 | 
38645 7729 
62955 19700 
61832 15458 
11230 Here the anſwer is the ſame as be- 
7729 | fore. 
35010 proportions by natural fines and 
39916 tangents, &c, and leave the ope- f 
ration for the readers practice. | 
| Queſtion 24. Suppoſe two ports lies N. E. and 8. W. of each other, | 
J - and a ftp fails from the ſout hermoſt S. E. by S. three quarters E, 218 
| miles, another from ihe northermoſt runs 332 miles, and then meets 


the firft, be pleaſed to find the courſe ſteered by the laſt, and the dii- 
tance of the ports. 5 


Geometrical Canſrucian. Pl. II. Fig, 128. 


„Draw the N. E. ard 8. W. line AB at pleaſure, then from. the point 

A, make the angle B A c, equal 8 points aad one quarter, or 92 ,27, 
by drawing the S. E. by E, three quarters E line, which make equal 
218 miles, from your ſcale of equal parts, then from the ſcale take 
332, in your compaſſes, and one foot in c, with the other cut the 
N. E. line in B, and draw the line A B, and B c, and che wiangle 
is made. | | 


- 


\ P * 


| *. n | 
Then in the triangle A B c. let A repreſent the ſouthermot, B ther * 

northermoſt port, A c the firſt ſhip's courſe and diſtance, and B e the 

ſecond ſhip's courſe. and diftance, e the place where the ſhips —_ 
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then in this triangle here are two ſides and an angle oppoſitey given 
to find the other angles and the third fide, 


Trigonometrical Calculations 


2 * co. ar, | co. ar. 
As fideB e 332 7,477862| As 8. EB 40,56 o, 183209 
E to S. 4 92,6 9,999475 | Is tofidea.c 213 2, 38456 
80 is ſide Ac 218 2, 338456 | Sois 8. c 46,12 9,858373 


To S. 4B 40,59 9.815763 | Tofidex © 239.9 2, 389% 
150, — 92,49 40,59 12 | | 


/ 


From 45 _ 5 The northermoſt ſhip's courſe i: 
Subtract 40 »59 8. 4.01 weſterly. EW 
Hence the dift. of the ports is 2399 
Remains 4 ,09 miles, the anſwer required. 


180, : 
Angle B 40,9 equal 6558 equal N. 8. 40 , 59 
* equal angle B. 
Remains 133 ,48 


e 


S. angle B: — a :aB Thatis,6558 : 218: : 7217 1 
e = 239.9 = Giftance of the ports, the fame u 


Then 
S. W. bys. half w. 279 miles, — fails S. E by E. alf E. 191 
miles ; I demand their bearing and diſtance affunder. 


| Geometrical Conf. PI. 3d. Fig. 129 


Wich the chord of 60 degrees, deſcribe an arch of a circle ſufficient | 
to contain the ſum of both courſes, and draw the 8. W, by S. half W. 1 
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Three and a half points 39 ,22 
Five and a half points 61 ,52 


Sum 101 ,14 
Subtract from 180,0 
ö „ 
Remains Z. angles 78 .46 two fides, and the angle 
3 them given, 
Half ſam of the angles 39, 23 angle, and the third fide. 
Side a B 279 Half ſum 39 «23 
Side a e 191 | Half difference 8 ,44. 
Z. of ſides 410 | Angle e 48 ,07 
* —_— 3 30,39 
Difference of ſides 88 | 
As ſum fides 470 co. ar, 7, 327902 
Is to difference of fides 88 6 1,9444 33 
So is T. half Z angle 39,23 9,91 4302 
To T. half x angle 8,44 9.186697 | 
For the ſide n c, their diſtance affunder. 
30 ,39 eo. ar. o, 292601 
5 2,28 1033 
101,14 (79,46) 9.805190 
367.8 „6274 
l Hetice the hearing ofthe thips is 
| Add angle B 30 , 39 N. 50,01 eaſterly, or 8, 7001 
| | ' —— | weſterly, and their diftance aſſun- 
| The ſum 1 is -. 70,01 der 357,8 miles, Q. E. I. 
Arithmaticalh by Natural Size and T avyent.. 


,23 equal 821 |Z a 4 Tees 


„39 equal 5097 * 1 hg 


,45 equal 9808 | 470+ 88 
quad NF. $46 


Sam 98,0% 3 e ee LW 


. 


* 
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The Geometrical Conſfruction. PL 3. Fig. 130 


Draw the N. E. line « 5, which make 150 from any ſcale of equal | 


parts, then from the ſame ſcale of equal take 22 N 
compaſſes, placing one foot in n, deſc 18 —_ 
your com ny aging Syd hog 


— line ac and n c and the triangle is made. 


To find c x, the difference of the ſegments of the 
3 | baſe or longeſt fide 4 c, 


315: 405 :: 105 : 

1 BY ac equal 315 
— U CE equal 135 

| 2025 . — 

205 | | 1 * 

3150425250235 


Here difference of the ſegments 135, which added'tothe fam is 450, 
MEI and ſubtracted is 180, half 


As hyp. a B 18 10 27176091 1.2 Bc 255 2,406540 
Is to Radius 90,00 10,000000 Is to 90 ,00 - 10,000000 
| Sois baſea Þ 90 *"1,954242 nates 225 24,352102 
— — 


T0 S. 4 a 11 53 9.778151 10 8. ers 6155 9,945642 


Suberat 36 ,53 Sab. 98 ,07 \ Subt. 61 ,54. | Subt. 28,06 


Rem. . 53 ,73 Rem. 81 ,53 


From go ,0o | tad go %% From $4.53 
Add 


45,0% 


„„ 


Diss from whare f. fe 


courſe from 2 to c is 8. 53 +47 calterly 


"" wa £4 
” . 
- * 
- 


40 8,6 3 


r 
der if we fatled N. W. dy N. A 
mate, we 
would bear ſouth and we would be 180 ö _ 
af 


Geometrical Canſfructian. 20. Fig. 1 131. 


W. 
line n c equal 180 leagues from n ad join a C, and the figure is 
Ar and diftance, ordered by 


the maſter, B C her diitance then due north from the iſland, and a © 
her diſtance at firſt from the iſland. 
By ee cui. 
2:21 zal „ th 
— . — |bto X of fides 88 — 


Sum 272 [Zz K. 146 ,40 | 


— — : 


X ſides 88 | Remains 73 ,o7 | To T. half & E. 46,50 10,027747 


Half Z. of angle 73 , CO. ar. 
Half & of angle 46 ,57 | AsS. angle c 26,17 0,353782 
Is to fide B 4 9a 1,9653788 


119,57 | So is 8. angle n 33 45 974729 
26 ,17 | To the fide a e 115.4 2,062309 


Anſwer, Her courſe to the iſland is 8, 26417 wet, diſtance 
15 lengues. | 


Queſtion 6th, 0 . fill I 
2 


— ＋ of — who takes away 3 
as directly as he can 67 in 

S 
.before in the latitude 45, 30 N, 1 — E. 
leagues, now the merchant ſhip left Lo 
ne 2 


what courſe 
3 


11k. 


Gmail Cora Pl. zd. Hy 
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by N. line 4 » equal 92 leagues, then the fouth 


So is T. half Z. . 73,07 10,517833 


| 
1 
| 
| 
* 
l 
1 
7 
ö 
| 
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iſt. Deſcribe a circle with a chord of 60 . 
with two dia meters, making N E WS, and A at the center, but al- 
ways N at the upper part, and E at the right hand of the circle. 


ad, Then lay three points from s towards E on the circle, and draw 


the 8. E. by S. line A D equal 39 leagues. 


zd. been Ch pe n ee eu 4 
—— D 2 N falls in with the pirates; 
and ic 1s , for A and c, are both 

epreſents the man of war's courſe 


Joſt his compaſs, o that the angle ac © » hip acaiiced an OCD 
of chords will ſhew her courſe from the weſt towards the ſouth, the op · 


pofite point is the man — A EEICEN 
as was required, 


' Trigonemetrical Calculation, 


Co, ar, | 


Su. C 28,57 |} Subt. 33 ,45 | To S. angle c 56,15 9,9198 
—— So is ſide a?? 39 1,5910665 
Rem. 61 ,23 Rem, 56 ,15 


From ee : 67 6,17 3925 


To S. angle e 28,57 9684836 


| with the pirates, as required. 


bore W. N. W. from me, I flood away 
N. W. bu N. ine miles, until the firſt bid bea: E. by S, and the other 
2 


| Geometrical Conftrultion. E., H. Fig. 133 


In all queſtions of this kind, you muſt as preparative work, find the 
dilemes of cord cape foe the Hip ar firſt 2 
| ing then; which is cvatant by the projection thus, 


Having drawn a circle and quartered > 
— Names INES ane A, at the center as directed in the laſt 
produce 4 x up higher, by reaſon the firſt bearin 15 north 
DE towards W, — 
„„ 


2d. Lay three points from N towards W, und draw the N. W. by 
N. line equal nine miles from 4 to p, the ſhip's courle and Gilance. 


Anſwer, The man of war's courſe is N. 61 , oz eaſterly, to mat 


g ſhore I ſaw two capes of land, the 


| 


34. 


bs _—Y 
= * 
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3d, Then lay one point from s towards E, and lay a ruler on ĩt at 


12888 by s. line from D, parallel tothe ruler edge to ent | 
the norch line in B, the firſt cape. 


4th, In like manner lay one point from — Z, and drine the | 
3 line from D, parrallel to the edge of the ruler to cut the W. 


N, W ms Cc, the ſecond cape. 


_ 5th, Draw a line from B to c. and it is done; forthe line n c FY 
preſents he bearing and diftance of the two capes from each other 
which being meaſured on the ſame ſcale a h was taken 
ſhew their uittance aſſunder, and the angle a s c meaſured — a 
of chords, will ſhew their —_ to be . " 
eaſterly, as was * 


But to find theſe things by 1 y, you way find the fides a » 


and AC, or otherwiſe the files DB » and DC, which is done in the obli 


7 8 Calculation. 


1ſt. In the oblique triangle a » Þ, all the angles and ſide 4 5, is 
given, to find fide a B, viz. angle Þ 4 equal nine points, equal 


101 ,15, angle B a B equal three points or 33 ,45, angle B d 4 equal 
four paints or 43 20, 2d the tide « » equal nine miles "_ 


24. Inthe oblique triangle « e v, All the and fide b a, are 
_ given to find the fide ac, viz. cap > dow ugh 45» 
angle c Þ a equal two poinrs or 22, zo, angle ACD equal e 
mains 123 — A Be 


As S. angle DB A 101 515 (78 45) e. ar. 0,008427 


Is to fide D A qual 9 $i 0,954242 
So is 8. angle B DA 45,00  :: 9.849585 
To the fide R A 6,49 5,812154 


' | * 
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, 


s. angle C 123 „48 (56 ,13) co, ar, , 050154 
I to ſide AD 9 0,954242 
80 is S. angle D 22,20 9882839 

To the fide C A 4.142 0,617231 


' Laſtly, in the oblique triangle A B C, is two fides, and an angle 
between them is given, to find the other angles and the third fide viz. 
a Þ equal 6,49 miles, fide a c equal 4,142 and 2 a c equal fixpoints 
or 67, 30 to find the other angles and the third kde ; c. 


Side A B 6,49 From 180 , I; 
Side AC 4.142 | Subtrat 67 , 30 18 „18 
"Sum 10,632 | Z. angle 112, 30 74,33 
x ſides 2,348 Half fum 56,15 37 »57 
As the fam of the fides 10,632 co, ar. 1,026533 
Is to the difference of ſides Bl 90, 370695 
So 1s T. half ſum of the angles 56,15 10.175107 
To T. of half x of angles 18,18 9,5 19265 
The Proportion to find the fide B C. 
As S. angle ABC 27 ,57 co, ar, 0. 211144 
Is to fide A C 4,142 o, 617235 
So is 8. angle BA C 67, 30 9/6561 5 
To fide B C 32320 5 0, 793994 


 Anfiver, Courſe 3, 37 ,57 weſterly or 8, W. by e, half W. nearly 
and their diflunce 6,225 mills, as was -". "Bag . F 


| _ Queſtion Sth, Suppoſe a ſhip fails N. W. two iſlands appear in 
fight, one bears W. N. W. the cider , form the hip, and when the 
ſhip had failed fix miles further, the firſt bore W. by 8, and the other 
N. E. Required to find their bearing and dittance ? | | | 
x 5 Tie Geometrical Conſtruction. 0 
Draw a circle with the cord of 60, and quarter it with two diameters, 
placing Ns WE, as directed in the laſt queſtion, putting A inthe 


center, and producing A N up higher, draw a N. W. line, which make 
equal fix mi n 3 
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A, drawa W. by 8. line, parallel to the rules from D, to cut 
de W. N. W. line in C, the firſt iſland. * 


2d. Lay bein N. towards E, and 
to A, and draw a N. E. line parallel to the rulers edge from D, to 
cut the north line uced in B, the other bead land, and draw che 
line B C aud it is e 


1ſt. In the oblique angled plain triangle a 9 e, all the Cs and fide 


r 
Points — © abc equal eleven points 123 ,45, the 
| EG miles, 


three points or „ and the fade 4 b equal fix 
to find the > ded 2 — 4 
As s. angle ac 5 33 45 co. at. 01256261 
Is to ſide AD 6 miles 0,7781 
So is S. angle AD C 56,15 9,919846 
To the ſide a 8,95 0,953258 
As s, angle ACD 33 »45 co. ar. 0, 256361 
Is to fide A D 6 , c gn: 
So is s. angle DA 22,50 _ 9.582840 
To che fideD c 4*- 0, 616252 


2dly. In the triangle 4 . Þ is all the angles and one fide given, to 


find the fides a or B b, viz, angle vA B equal four points or 45 ,oo, 
and ſid 5 a equal 8 


.D B 4 equal tour points _—_— CT * 


45 200 


Laſtly, in he ava led plain 


 fides, and an between given, wo in . 
an is wi CD 4 14 fide D B G and £4 e DB equal 146 16. 
to find tne reſt. | l 
Side DB 6 [| From 180 ,00 | Half Z. 4, 16,52 
Side D C 4141 Subt, 146,15 | Half X' Z's 3 03 


— — — — — 


3345 4 BeD 19 55 


Sum ſides 1014 


_ 


Sum 


* fides 1 8 {HF 2.16 52 4DBe 22 


lay a ruler from chat 
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As ſum of fides 10,14 co. ar. 8, 902062 


Is to difference of ſides 1,86 , 259513 

So is T. half of ſum C. 16 52 9,4626018 

To T, half difference of angles 3, 8 6, 720090 
To 45,00 | As S. angle De B 1, 55 co, ar, o. 437687 
Add 13,99 Is to ſde DB 0,7 78151 
80 is 8, angle c DB 33.45 9.744739 

Sum 58 ,49 | 

| To ſide e 1 9,785 5.990577 


_ * Anſwer, Their bearing is 8, 4. pt or N, 58 ,4gcaſfterly, 
Gſance 9,785 miles, as was requi 


Queſtion gth, Suppoſe three ſhips fails from one port, the firſt fails 
8. W, by , the ſecond W, by S. half W, and the third , by Wel. 
$ miles, then the fir!t bears from the third S, by W. and the ſecond 
bears from the third 8, 8, E.; I demand the firſt and ſecond ſhips. 
diſt, faiied, and their bearing and diſtance from each other, 


| The per ys Conflrudtimn, 

Having drawn a circle with the chord of 60, and quartered it with 
two diameters, placing N. 8, E, W, as before directed, then !-y three 
Points from 8 towards W, and Ar the I, W, b. W., line Ar plea- 
fare, again lay 7 voints aud a aalf iron S towards W, and draw the 
W, by S. half W, une at plealure, after the ſame manner Craw the 
N, W. by W, line eight miles long ; then lay one point from 8 towards 
W, and by it and A, draw the 8, by W, line frum D, patallel to the 
rulers edge, to cut the 8, W, by W. line A e in e, the place of the firſt 
tip at that time, in like manner lay two points from & towards E, 
and by it and A, draw a S. S, W, line from D, parrallel to the rulers 
| edge, to cut the W, by S, half W. line in B, the place of the ſecond 
| up, then draw the line DB and e B and it is done, for all the lines 
may be meaſured from the ſcale A D was taken from, and all the 

angles of the line of chords. | 


Trigonometrical Calculation, Pl, II, Fig, 135 


| 1ſt. In the obhbue, angled triangle Þ » a, all the angles, one fide 
|, are given to find either of the other fides, viz. angle v n a equal nine 
| points, or 106 ,53, angle 145, equal three proints and a half or 
| 39,22, angle 4 equol three points or 33 ,45, and ad 8 miles. 

e 4 034 7307 9.999834 | As 5, angle an — 
0 AS 0, DBA | , AD 53,35 0,25 

| I ta ſide 4 5 8 es 1 2 988953 
80 13S. . AB 33,45 9,744739 | So is J, angle a 39, 22 9,8082 


To ſide a 1 4.64 o, 666993 Ti fide BU 33 


o, 924505 
TNT. 
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ir. Ia the triangle a b c all the angles and fide p e, are given 


'. 574 the other ſide, viz. angle o a c fix points, or 67, 
4 Dr fix points or 67 ,30, angle a c 8 


a D '1yat miles. 


| To find the fide AC, Q,. & 
As s. angle ACD 45 „00 CO. at. o, 8 
F. to five A D 8 miles | 0,90 3090 
So is S. angle ADC 67 „30 9,9556 <4 
To the fide a c n 019 


Laſtliy, In the obliqu- angled triangle A CD, aze-given ct 
and an angie j them to find — other ang es and thy, 


" viz. 4 c equal 15,45, fide; a n 4.64, and angle ae an. 
and a half or 28 ,07, to 4 and the other 


Side A C1044; | From 
Side AB 4,64 Sub. 


Sum ſide 15 ,09 Z. ſum 


| ed ar. 
As ſum fides 15 ,09 3, 821311 


Is to Xx ſides 5, 81 0, 7645 
80 is T. ha. Z. an. 75,56 10,508 9 


To half x an. 36.57 18500 Tofid5zc 7.6 i 


Anſwer, The firft ib nance is 0, 46 miles, the the 2d. ip's 34 
tance is 4,64 miles, their bearing is N. 37 ,16 eafterly, or Cath 51 
weſterly, or N. RED PEN by S-halt W. n 


he erm bears, „ N. E. th 7 
A bag) 


ſame time an iſland 
the 25 7 Sh Ft To OP 
8. E. fm me, the bearing and Race © he 


iſland ] 
n — 5 952 


. 


„ers ciects: widths Gai duty degrees, 
two diame: ers, placing the letters N E =_ at * | 
then lay two: points from N towards E, and draw the N. N.] 
= pac hare being oh vena hank 


- 


—_— 5 5 N „ ** 
THY N 8 
* Is to fi 
. 3s 


: £ 
> 2 
I E 
z ; 
- © 
* 2 
— 2 
5 1 
1 
> | 
8 


Le 9 


: 


D, to cut the N. W. line before drawn in C, the 


22424 


1 


l 


441 
11235 


1440111 
122 


113 


ol 


f 


3 


Mn 


mn 


818 £812 
$915 TIES 
892 „ 8 
» 3 
2 5 vol a 
Cog 2 7 — 
1 : 
2 3 94 
223 F 443 


7 - 
2d, 
. R 
» 


The Univezsar NAHY ICA TOA. 195 


2d. Is the oblique angled triangle a n e, are all the angles, and 
one {ide given, to fad either of the other ſides, — 

four points or 46 ,0o, angle c o a equal fix points or 
fide 4 b cight miles. | 


2 co, Ax, 
If two angles are equal, their | As $, angle 40 67, 30 0,034380 


ſabtending ſides are equal whence | Is to fide a 5 0,090305 
the tide A C equal A D equal | So is S. £ cad 45,00 9,8490 
eight miles. | — 


I To ſide c v 6,123 9.86966. | 
; 


zd. In the oblique angled plain triangle 1 a 0, are a Il the angle 
and one ſide given, to zus the other ſides » a or Þ , viz. angle 5 


ac equal two points and a half, or 28 ,c7, angle a 8 ö three _ - 5% 

y a half or 32 ,22, and angle nA p ten points 112, 30. To the ſides. = 

= co, AR, 5 co, Ally * 
As S. angle and 30, 32 0, 197718 A8 8. angle and 39,22 0, 197718 


Is to ſide a5 8 0, 903 ogo Is to ſide a 2 $8 0, = 
80 is S, . BaD 112,30 9,995615 | Sois S. . BDA 28 ,o7 9,67 3a6® a 


To ſide 3 » 11,65 1.066426 | To fide BA 5,944 0,774076 


4 C, are two fides and um 
other an 


I 
Side A C 8 From 22 6 160 ] 
Side AB $5 ,944 | Sub, 67,30| 


— once err | — — 


2. fides 13 944 | Sum 112 ,30 | Angle AB C T2 


x fides 2 5056 | Half Z. 5675 | Angle ACB | _ 1 
Angle ABC 68.42] As Z, fides 1 22 85 q 
Add 9 22 ,30 | Is to fide = 223 


| 
| 
: 
. 
d 


To half Z. . $6.5 
To T. half x of angles. 12,2) 93430 


9. ABC *, 
8 
nnn 67,0 9,9666 
. fide c 72933 0,993 


Ce 2 


5th, 
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9 * 


* 
ch. In the oblique triangle a c E, there are two ſides and at angle 
between them giver or knuwi, to find the other angles and the third 
fide, viz. fide 4 © 8 miles, fide « = 3,314, and the chntained angle 
E AC 135,00, to find the avgles 4c 5, ASC, and we de c , the 

between the weſtermouit keadland and the iſlan d. 


Side 4 c 8 ; co, ar, 
SideaE 3,314 | As ſum of fidss 11214 8.2628 

— II do difference of fi: 4, 686 c. 07% 22 

Z, ſides 11,314 | So1s T, half tums angle 22,39 9,0 222 


* half Xx of angle „44 5,2 08 
| | 
| 


| 7 Ce), ary 1 
As S. angle ax 32,65 5,2773 
Is en ſide 4 8 ce 360 


80 15 8, ang. Ca 35 . co (45, 00) 9,8429435 


| To fide e 2 10,5 1.225548 


The w dermoſt head and ard and bears 
N. 32 ,14 weſterly, 8. 32,14 eaſterly, uiſ- 
tance 10,6 miles. £5 


 Laitly, In the oblique angled triangle a z x, there are two fides 
and an angle between them known, to find the other angles and de 
third fide, viz, fide a B 5,944, fide a E 2,314, and the contained ar ole 


bs 22 E 157 Zo, to find the angle à 1 2, 4 E B, and the ſiue £3 fever. liy. 
mae a 5.94180 „0 1 —- 


Side @ 1 3,315 | 157230 | As ſum of fides 9,238 9, 343 
Is to difference of 2,63 , 410057 


b 2,630 117g | To T. half x of apgles 13,15 51 | 


Half Z, angle 16 1f6 E 
3 325 As 8. angle ABB 14 30 o, 50 4c0 


. fides 9.256 — $0 is T. half of ſun C 11 .15 9.298662 | 


The eaſtermoſt headland and heats! N. 4 % cafterly, of J 
S. 14 30 weſterly, their diſtance aſunder being o e, the ref 


— — | I: tofide AB 5,4 0,774976 
Angle aa 1455 | So. uni AF 22 ,30 9532845 


* 
Lg 


2 


* 


Side a Bs 77 | From 180, 


2. fides 113 Z. C. 45,00] 80 is T. half Z, C 22, 30 


I — 
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- Queſtion 11th, A fleet of ſkips with four men of war, with thewind 
at W. bys, failed away s, E, three mile, an hour, till hearing of ſome 
pirates to the northward of them, the Commodore ſends out a man of 
war a cruiſing, who fails due north ſc ven miles an hour, tor the ſpace 
of eleven hours, and finding the pirate, after an hour conflict, took 
him, the fleet all the time failliay 5s: E, thcee miles an hour; Now I 


demand what courſe the man of war and the pirate muſt ſicer that they - 


mi juſt fall in with the fleet, without altering her courſe, ſuppoſing 
they fail ſeven miles an hour. | 


; | , 
Geametrical Confiru2ion. Pl. II, Fig, 135 


Firſt, Draw the north and fouth line c a, continued to B. they from 
a, the place where the fleet was when the heard of the pilates ſet of 
the s, E. line a ; then becauſe the cruiſing mau of war tailled ſeven 
miles an hour due due north for eleven hours that he was is chaſe viz, 

7 miles; ſet off 77 miles from a to B, alſo by reaſon the commdote 

led 3 miles an hour aforclaid, and owe hour they were engaged, in all 
makes 12} which at 3 2, an hc ur, i 36 miles 3. E which ſet oF from 
A to d, theu is the ccmmodore at P, and cruſer at B,when he ſet fail after 
the char dore, „ becauſ. the line A E, 58 8, E. or 45 5005 the ang le | 
BAD oo, the fide AB 5, fue AD 36, to fined the ap 
as is ſhewn in ti queſtion foregoing, 2 


Trigonometrical C al:ulatien, 


Side B c 36 | Sub. 135 ,oc | As Z, ſides 163 
IS to x of fides 41 


X ſides 41 | H.Z, C 22, 30 To T, half x 4 8,33 9. 7e) 
Half of ſums angle 22 zo] Eo . | 
Half difference of angles 8.33] As s. angle avs 31,05 0,2%-3t | 
| n iI to ſide 4 77 1,8869%/ę 1} 
Angle a vn 31 ,03'| So is 8. angle Bad 135 ,00 0, 849458 
Adgle an» 13 57 | To the fide 2 106.5 © 2089907 


Alſo the angle a D » being 31 ,03, the angle BD x muſt be 143,59 


and aitho” the fides = E and Þ E, are er 

o each other are given, viz. as 7, 10 3. H BB, jad £, then, - 
2 co. ar. } To angle BE 18, .:3 
As fide BE 1 

E to 8. angle BDE 148 ,57 9,3444922 


$0 is ide BE 
| Te S. angle DBE 1; 
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Hence we have the angles nE and B E d, and fide » Þ equal 
105.6, to find the fide BE, the diſtance failed by the cruiler and pirate, 
to meet with the fleet. 


As s, angle DE . 18 17 C9. Ar. o, 303453 
Is to the fide DB 105,6 2,02 507 
Sous. angle B D E. 148,57 (1 ,o3) 9.71265 
To the fide BE - 2,239439 


| it, fo as to reach an ifland three leagues to win'iward of the 
faid ifland at two boards, having then her ſtarboard tacks aboard, nd 
her way good within fx points of the wind; I demand how 
run upon that tack. before ſhe goes about, with her lar- 
board tacks, to bring the head land three leagues to leeward. 


This queſtion was propoſed in Kelly's appendix to his navigation, 
without a folution, and as I have here attempted to aniwer it, the 
| if the wind is ſouth, and the headiand bear- 
the iſland be three leagues, to wind- 

that he had occaſion to ap- 
o I therefore ſuppoſe there ts an 


42 12th, The wind at fouth, and a ſhip of war in fight of a 
bearing N. E. 7 ages, was ordered by the commodore, to 


Draw the S. E. quarter, and the s. E. line a l ſeven. 
to 4 5, make » c equal three leagues, and draw a c, 


Tris V＋1.  Calculati, 4 


iſt. In the oblique Triangle a n ©, there are ts idem and an angle 
between them given to find the other angles and the fide a c, viz, 


the fide an 7, nc 3, and angle a e 135 ,00 __ 


, 
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| r 
| As half ſum of. fides 10 1,-00c008 
Is to X of ſides 4 9,602060 


So is T. half ſum angle 22,30 9g,617224 
To half Xx of angle 9,24 3.219284 


' | CO. ar. 
As angle 4 13 ,o6 o, 644642 
Is to c 3 0, 477121 
| So is angle 2 45,00 9,8494454 
To a c 9.34 98971227 


22 .30 + 9,24 equal 31,4 | 22,30— 9.24 equal 13,05 
Hence the diſtance ac is 9,34 miles. 2d In the oblique triangle Abe, 


are all the angles and fide a c known, to find the ſides 4 D and 9 c, 
* 45 0 and angle apc 98 45, and fide ac 9.34 miles. 


co, a. oo ar. 
As s. Z aDc 45 ,00 o, 150515 As s, £ Abe 45 ,00 0, 150618 
Is to a c 9,36 0.9/1248 Js to ſide a c 9,36 0,97 1248 
So is s, £ DAI 35 ,36 9.785015 So is s, A acpd 81 ,12 


To ſide Dc $8,068 9.906778 To fide ad 13,1 1118435 


Anſwer, She muſt run 13, 1 leagves, before ſhe racks, and then 
afterwards 8,068 leagues, upon ſecond ſecond tack 


14. Suppoſe two ſhips fails from one the dnl hip 

3 f 3 S W more than felt 35 leagues, 
and then were 76 leagues under, [ demand how many leagues each 

9 _ fi plainly that the le A3 C i 

y ſimular figures it is plainly apparent that the triang 1 

Iſoſceles, the angle B A C being 67 zo which ſubcrafted from 180 00 

remains 112 30, half thereof being 56 15 equal the angle ABC «ar 

ACE then 180 — 56 15 equal 133 45 equal angie DBC Boy Gp & 


D C we have two ſides and an ang W —— 


I 


Dad C andthe fide B C equal AB. 

co, AR, | | = TS I -. 
As fide D C 76 8.119186 | AsS an, n 22 31 ©,410go0o 
Is to S an. DBC 123 45.9-919846 | Is to fide 2 8 — 1,544c68 
Sq is fide DB 35 1.544368 | Sois San. Ze 33 44 9,7850 


To 8 an. vb 22 31 0:593100 | To the fide nc 50 76 4,705515 be 


6 To the fide Sc 0 | +9 leagues, as was required, 
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4 Then in the iſoſcles triangle a » c, the angle a equal 67 .29 the 
angle B equal angle C equal 56, 5, and fide BC . — 50.76; to 
ind the fide A C. 


As S. angle A. 67 , 30 co. ar. 0.024255 | n 

Is to fide B C 50 „6 1.705518] The fick ſhip 
So is s. angle 56, 5 9.919846 _ 45 8 the 
To thefide AC 45 .68 1.653749 | 


Queſtion 14th, Twa ſhip: failed from one port the firſt fail 8, 8, W. 
a certain diſtance ; then altering her courſe ſhe failed due eaſt 25 | 
k [pues, the ſecond ry ſailed 120 — 2 and mee: with the fi 
I demand the ſechud th ip's courſe, how many leagues the art | 
teiled npon the S. 8, W, courle. 


Geometrical Cofructien. Fig. II, Pl, 141, 


nne vleafire, aud from any point c; 
Eraw a due weſt line B C. which make 92 from any icale of equal 
paris, then with the extent of 120 miles, in your comple, and une 
foot in B, cut the aforefaid line a C in a, and draw the line C A, 
and its done. 


1 men, 


Is the edBene diss triangle a B C, there is given the Sie 45 canal 
229, B.C equal 92, — 1121303 IA" 
and the third fide, - 


As ſide a e 120 9, ar, 92019 Angle C 112, 30 


B ls, angle 112, 968615 Angle A 4 „06 
30 is fide B c” on 7,568588 N — 
g ü Sam 157 ,36 
. Tos, angle a * 9.850222 N . "186 ,00 
As 3, lea 45 ,06 | Angle B | 22 524 
Efe yh | »Auſwer, ſecond ſhip's courſe 


80 is , angle B 22 „24 W,. S, W, the firſt ſhip's diftance 


Queſtion 17 ) Tint — — two ſeveral por's 
ſame e eagu 
moſt fails N, E, byE, the caſts moi ſhip in the J, W, quarter, 
till the meets with the- firſt, "if the An by by both ſhips be 
added together, their Joon wh be 233 IF; cyaind what Gy he 
tance we Ren. : ; 2 


in the 


aſſunder, the R 


De Univensalt Navicartort 20 


Geometrical Conflrudion, Fig, ul, Pl, 141, 


Make the line 4 c co, the diſtance of the ports, and the 
equal 33,45, equal comp, weſtermoſt ſhip's courſe, and 
equal 1 _—_— — 
to w c, cutting a B in p, the place wherethe ſhips meet, 
then is a b, the weſtermoſt ſhip's diſtance, 32 
ſhip's diftance, which taken from the ſame ſcale 9 
uſed, will ſhew what they are. | 


| Trigonometrical Calculation. | 
iſt, In the oblique tri a EC, are two fides and an angle be- 
tween them given, enn via. fide 
22 „„ ac equal 33,45. 
Side AB 133 | co.ar. | | 
Side A C 90 As ſum of Giles 223 27,651695 73 07 
— | [5 to Xx of fides 43 7632468} 32.26 


Sum ſides 223 | Sois T. half Z. an. 73,07 10,5178 P 
X ſides 43 ro half x angles 2 25 9.802995 


From 180,00 | Half Z, angle 73 197 i 
Sub. 33 »45 Haif xof angle?” 32 ,26 * ＋ 40 ,4t 


— — — — 90 


Z. angles 146 ,15 | Angle C 05 »33 4%. 34% 
36. nth, To the iden C 767 


Half Z,4.s 73,07 | Angle B equal 40 ,41 49 41 


24. In the iſocles A b c » are known all th angles and the fi 
„ 


Angle >= 40 , ll X 228 5 — 2 


To find che fide vc. | 105,33 

As 8. angle ABC 81,22 0, 004649 2 

Is to fide B C 76,7  1,884816| 64 „52 

So 1s 5, angles 40 4 9,8144165 | $0,00 

To the fide v © 5 50% 1,703530 | Remains 25 ,os 
* The fit M's einer: 5. the bd a diſtance is & 

50,5, and her courls N, a5 ,o8 weſterly. 


Dd Th Queſtion 


? 
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ports, the eaſtermoſt ſhip is 


ion 17th, Three ſhips are at three 
diſtant from the northermoſt 75 miles, and bears from ber S. E. by 8, 
| oft is diſtant from the . and bears 
W, from her, and are all bound to an 1 that isat an equal 
_—”=_— demand each ſhip's courſe and diſtance to the 


By having two £!-s given, ard an angle between them, the triangle 
zs eaſily 1 then leſeribe 2 — — three points A, B, and 
C, of che triangle, and draw out lines from theſe points to the center 
ofthe circle, and the triangle is F niſſied; for D, being the place of 
Sflaad, and the radii A D, 8D, and C D, their equal diftances, and 
the angles 4 n D, acp. and cd. will be their ſeveral courſes, 
which may all be meaſured by help of the chords and equal parts. 


By Trigonemetrical Calculation, 


; The oblique triangle a zc, are two ſides and an angle between 
given, to find the other angles and thi d ſide B c, VIZ. 4 B equal 75, 


4 c equal 85, and angle B a c equal five points or 56 , 16, to find the 
other angles and ſide B C. TO 


Side AC 85 | From 180,00 


— 


Side AB 75 Sub, 56 ,15 | As Z, of ſides | 150 
Z. fides 160 Sum 223945 80 is T. half Z. Gt ,52 


— U - 


N fides 10 Hf Z. 6152 


. 6,40 


Gt ,52 + 6,40 = 68 ,32 = angle a » C 


E 561 „52 — 6,40=55,12=anglea CB: 

Then ſay, | | co. ar. 
As s. angle a c B $5 ,12 0,080578 
Sois S. angle BAC 36 203846 


2d. In the iſoſceles A e v B, are all the angles and fide B C known, 
_ viz. angle e Roy 2 ngie < 4 þ oat id oh WE ok ef the 1 

val angles equal half of 6 15 equal 28.0%. and ſide B e 75 ,94 
_ to find c D equal B D equal AD, each ſhip's diſtance to the ſaid 


: 4 


7 
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| Then ſay, co. ar. 
As S. angle C DB 56 „15 o. 08054 
Is to ſide CB 75 ‚ _ 5085 © 
So is s. angle DBC 28 ,07 9.673258 
To the fide D C 43.5 1.023907 


Anſwer, Northermoſt ſhip's c-u:ſe ſonth, the weſtermoſt ſhip's. 
courſe N.5 2, 27 eaſterly, and eaſtermoſt ſhip 'scoarle N, 52, 32 3 
their cquat diſtance failed 43,5 miles, 
Queſtion 1gth, Admit two this at one and the Gme inſtane of 
fro N. 


time had fail m one port, the one fail-« N. W. b 6 leagues 
in a watch, and the other fails N. E. 8 Egre na witea., and they 
arrived at two ſeveral ports, at one __ the ſame : doc of time, the 


Pick by ſappofing a fimilar triangle whoſe fides A B equal 6, A C 
and angle B A "bye - 3 REF. 


b c, in proportion 


8 From . 180,00 
0 Subt, 78 ,45 
EY Sam of angles 101.15 
—— 7 Half ſum of angles 30,37 


um © 83 50 37 + 9,52 2 60.26 4B. 
Is to difference of fides 2 50.37 — $52 = 40.145 = 2 C. | 


9,52 Then to find the fide required. 


| CO. ar. 
As s. a 78,45 0.008426 | As S. angle a 784 
bet. "x 2,1986657 | Is to fide ns e | 158 
Sos s, angle c 40 ,45 9,814753 | So is 8. 4 n 60, 29 

| To fide a © 140, 
To ſide An 105, 1 W 
Angle < 40.45 | Anſwer, The weſtermok ſhip's diſtance is 


45 200 | 2105,1, Eaſtermoſt 140,2, thei? | 
_— N. 345 eaſterly, and the time in ling 
Sum 85 45 35 705 hours, as was required, | . 
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Queſtion ot“, Amit a ſhip fails from Pico of Fyal, firſt N. E. by 
E. a me E. tien N. W. a  varter W. then ſuth, ar d ſo returned 
again to Fyal, having failed in ali 158 leagues, required then how mar 
leagues ſhe ialled upon each courſe. 5 - OY 


Solution. Having firſt prepared a ſimilar triangle, whoſe fides let 

be eſteemed in ratio, of the natural fines of the gen 2nyles, that is 
natu cal fine of angle a equal. 8578 natura! fine ot angle n I 755715. 

aud natural fine of aagle c equal 578 ti. en as the ſum of theſe pro- 
peruon2] numbers, is to ſum cf all the ſubtending ſides, ſo is any one 
of the ſaid numbers, to its reipective fide. | 


»8578 3 | Ee 
-9570 2.4863: 6715: : 153 : 42,072 
— 2,4863: 8578: : 158: 5411 

2,863 2,7863: 9570 :: 158 Go ,815 


N. E., by E.: E. 
— N 


5515 


Queſtion ziſt, Two ſhips in the fame latitude, diſtant 600 miles, 
the firſt failed N, eaſterly, the ſecond fails N. weſterly, till they meet, 
and at their meeting they make an angle of 102 . 10. andthe firit ſhip 
had failed 162 miles more then the other; I demand each ſhip's 
courſe and diſtance, 


The Geometrical Conftrufion, Pl, III, Fig, 147 
| Make the baſe a > equal 600 miles, the given diſtance of the two 
ſkips, and biſect the baſe a c in d, and let fall the perpendicular 4 a, 
at pleaſure, then make the angle a c a, equal — equal 51,05 
and draw c a, to cut 4a, in a, then upon a, as à center, deſcribe the 
ſegment of a circle 4 b c, which contains an 3 Ae 
90 + 5 „035, then lay 162 from a to p, on the „and 
draw à 5 continued at pleaſure, alſo draw c to cut A 5, continued 
in 1, then will a 8 e, be the triangle require. 


iſt, In the oblique angled triangle a b c, there are two fides and 


nan angle oppoſite to one of them, viz. a C 60 a v ebual 160, and 
angle a b c equal 141 05, to find the fide 5 c and angles v ac, 


As 
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As fide AC 600 AsS angle c | 939 

Is to 8 angle 4a 0 38.35 Is to fide a 5 l 

So is ſide a 160 So is S angle a 29 , 5 

To 8 angle 49 9,39 To the fide o 46 
Angle « b c 141 05 

. Ad 2 zd. In the Ifocles Þ n c there are all 
Som 150 44 the angles, and fide, o c, known, vez. 


tract from 180 , p e ebual 466, angle n equal 202 . 10, 
Angle E7 as le e n 


o find the fie B C. 
As 8. angle 2 102,10 (7,50 
66 


Anſwer, The fir ſhip fails 


Is to fide n c 


E to fide 4 N, 60 ,.;4 eaſterly, diſtance 462 
Sa is 8 angle D 38,55 miles, the 2d. ſhip ſaile N. 29 ,i6 
To ſide B & 300 weſterly, diſtance 300 miles. 


Quefton 21ſt, Suppoſe two ſhips fails from one port, one fails 
NN, W. the other fails N. W, by W. to two iſlands, bearing from 
each other N. E. by E. and 8. W. by W. diſtant 80 leagues; I de- 
mand tae A ance ea ch ſhip mull ſail to thoſe iflands, 


C-coneerical Projedtion. Pl. III. Fig, 148. 


Draw a circle with the chord of Fo, and quarter it with two dia- 
meters, placing NEW S, as betore has deen directed, then draw the 
N. E. by E. line equal 8 leagues, from a ſcale of equal parts, then lay 
five points from 8, towards E, and drawa S. E. by E, lire at 
again lay: wo points from $ towards E, and draw an ohſcure S, S. E. 
line, and parallel thereto, draw the line 3 e and cut ac inc, the 
port where the ſhips failed from; then c B repreſents the ſhip's courſe 
and diſtance that failed N. N. W. and e a, repaeſents the ſhip's cowlſe 
and diſtance that failed N. W. by W. 


Trigenometrical Calculatios, 


- Tathe oblique triangle A A B c, all the angles and fide 4 2, are 
given to find the fide a e and Bc. 


3 »45 As s. angle e 3345 
05 | Is to fide a B ws. 

230 So is 8. angle B | | 78 »45 

vB To the fide a c 141,3 


The firſt ſhip falt 133 leagues ; Second failed 141.3 leagues, 


Queſtion 22d, Suppoſe a ſhip fails north a certain diſtance, then 
E. N, E, 80 miles, and 8. E, a certain diſtance, laſtly 8. W. by 5. 
| l 1 
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160 miles, and then arrived at the place the failed from; I Cemand 
how many miles ſhe ſailed on her north and S. E, courſes. 


Geometrical Canſtruction. Pl. III, Fig, 135 


Firſt, draw the north and ſouth line, A p at pleaſure, and mak 
the angle DA equal 33 45, and maks a U equal 160 miles, and 
make the angle c n a equal 101 .15, and draw B c continued to cut 
ADE ia E. then by the queſtion we have angle EDC equal angle 
E CD, whence the A D E ©, is i ſoſce les, then let fali the perpendi- 
cular E d, by biſeftiag the angle CED in E, then by reaſon he diſ- 
cance EN E is 80 miles, take 40 in your compailes, with which araw 
an obſcure line parallel to the perpendicular E 4, to cut 8 c inc, and 


E D will be equal E C, and the projection is finiſhed. 


Then is the angle ED C equal6 points or 67 ,30, and vc equal | 
$ e 
beſore uſed, will ſhew the diſtances req uired. : 


Dutt. Inthe oblique triangle A B E, we have all the angles and one | 


kde viz. angle B E A equal four points or 45.00, angle ZA 
—— or 33 „8, and angle azz equal * 


8 
F 
L 


101 „16, and fide A B equal 160, to find the fides as and  n. 

7 | Then fay, f | 7 , 
As s, angle 2 45 00 ä Ass. angle = 45,00 
I to ſide a ꝛτÿꝙ!G n 8 160 
Soiss, £3 45 | is s.angleaA 33,45 
Fo fide 4 K 222  Tothefides n 126 


Again, in the iſoſeles A De = payagat 
given, v z, angle = Þ e, equal angle E c o, equal 67, 30; and o Ec. 
ual 45 eee 


* 


Then fay, | 226 
As s. angle z 45 „co 105 
Is to fide Þ c 80 — — 


So is 8, angle D 67,3 | 115equialad 21 equal 8 e: 
To the fide e 2 105 wer, ſhe ſaibd N. 117 m. 
5 As. E, 21 m. as was rebuired. 
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the diſtance the ſhip was from theſe iſlands a B and C, and the ber- 
| WA | 


Firſt, deſcribe the triangle aBe, then at a, make an . Ba = equal 
Bo c, ad 4 A I equal Ade, and dram the linea = and 
B x, to interſect each other in z, men through the three points 8 K B, 
diſcribe the circle a = B, chen draw » e, produced to cut the circle 
D, the place of the ſhip in the time of obſe-vation ; alſo draw A D and 
B o, and the is finiſhed; for A D, B D, and Bo, meafored 


In the A « Be, all the fideo are given to find l 
70. Bc 60, ac 50; IE EO EPR IeTe: 


BC 65 


AC 50 2 110: : 10: 17,71428 15.7143 
— ual of the ſegments — 
Z ſides 110 of the baſe. Then 85,143 
B BC 42,865 [Ac 7 14 —— 
| 5492357 
65 As fide a c $0 
go ,0o | IL to Radius Go ,00 
So is ſide B c 42,81 | Soi fideac SF of: 
Tas, £ » Cc 45 ,38 To , . aCe 32,3 
From 90 , oo From 90 , 0 
Subtrat᷑t 45 „35 | X 


26.539 
| AngieBAC 57,9 . 
| Hence angle ACB equal 78 ,2b 


Secondly, . In the oblique angled tangle a * B, are all the an 
and ſice A s known, to nn d the fie AE and Þ E. viz, angie AB 
Oo 30, angle E AB 7 * 70. 


4410 445 


Angle ABE 36 2 RE 
AngleEAB 17, » To ad nde E. To find fideB E. 


Z angles $6 av | \s 8. Sen 54 ,20 Rear af 5472 
Subt. from 180 ,c> L to ſide a3 70 1 70 


0 i 8. an 43 16 ,30 80 is 8. an. EAB #5,56 
Angle 43 125 ,40 To ice AE 5126 8 


6. 


ey. 


Ts to difference of fides 22 «61 


8 180 ,00 — 69 ,24 == 110 ,39 
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' 3d. In the oblique triangle » ac, are two fides and an angle 
beween them given, viz. B © Co, BE 26 ,3% and angle 2 B c 81 58 
to find the other angles. | 


Frum 10 0 Side B e Go 
Subtrat 9 „ Side B 4 26. 39 
- Z angles 98 ,04 | Z, fides 86 ,29 
Half Z of angles 49,05 X of ſides 33 »0L 


To ind the Difference of the required Angles. 
As the ſum of fides 96 ,39 


Sc is T. half ſum angies 49 ,o2 
To T. kau X of angles 24 , 08 


Ach. In the oblique triangle A a = c, are given, two fides and an 
angle between them, via, = 51 ,26, a C 50, ayd the anglec at 


6 24, to find the other angles. 

| Side 1 ' ad" af _ bo: | 

[ITY 50 % 5518 half Z. angle: | 
Sum of ſides 101 ,26 As ſum of ſides 101 ,26 


Is N 27 1 
So is T. half ſum of angles 55, 18 
To T. half x of angles 0,52 


nee 2 


| 55 118 +0 ,52=56 „10 . C[|55,186—0.52 54,26 4 E, 2 
- In the oblique triangle A p & , there is given two angles and 2 
fide oppoſite to one of them, viz, angle Dc Bs 155.05, angle en 
. [28 ,17, and fide m e 60, to find their tubrending fides v » and v b. 
From 180. 0 From 24 564 | 
Subtract 24.54 Zubtract 18 „ 17 
, £ ven » | 155 „06 Rem. . 3 6 ,37 "0 
c ” As S. angle B Dc 18 „17 As S. angle s 1817 | 
e — Go 
„80 u S. angle c DB 24,54 is S. angle B 537 
To the ſide D 80,5 ] To ſde se 22 


U. 


©& 


1 % 
> 
a S * C - = a # 
9 * * 
- . ” 
- - 1 
— RF , 4 , 
, a A ; 1 . . l 
1 
1 3 
: 0 . / 


—— 


- = 
: : 
4 : 
- — 
* - 
L * — 
E 
- 
: = 
* 
* . © | l 
, o 


— 
- l « : ” a 
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acp, we have 


7 


"$6.10 


80 is , an. acD 


the 


36 „03, 
ble ve cel i 


ADC 
5o, and 


To find the fide av. 


theblique 


gi 


3 


» In 
the 


. AED 


To the fide av 
to WixnowarD, in Oblique Sailing 


urning 


We foall now give ſeveral Queſtions in this kind 


- 


$i: 
7 


- '% 
„ 0 


a Port in the ſhorteſt time wwhen the Wind is contrary. 


. 


— X = — — — * - — 
* 299 — LP , >>. — . * - a 2 E. — trop 2 oy 
A — ee ae Ne wet a09. — EBB» 
: SY” 4; 4+ 7 
4 & b : 
* 
9 . J | 4 
- * 
* 

3 4 . a | 

* A — * 1 * | 

: . 47 4 Y | 

, q " a F A b 
: 8 " * , * 
: . y : * 
f © oY * _— — 
— . þ ; - Fy 
9 | | 
| 'S 2 . 1 | 
1 
» 

g q 


2 ao hafire, ſet of 408 
1 and draw A B, the difftance 


& 


The Geometrical Conftrudion, PL. 3. Fig. 151 


114 
Th 


: 


12717121 


E 


l 


T 


28.05 Anfwer, She muſt run 822.9 


Ar S, angle e 
Is wo fidean 
So is S. fa 
To the fide » c 


' Queſtion ad. The wird N. E. and a fhip plying to wi 
hoviag run 822, 5 miles, with her f arboard, 

larbo:rd tack cn _ =. 

windward ; I demand huw near the wind ſhe makes her 


The Geometrical Conftradiies, Pl, Ill, Fig, 151 


the N. E, line a z 400 equal parts, then with 8 equal in 
' your » and one foot in a, deſcribe an 822 
dent and one foot in n, deicribe an arch to croſs the former arch in c, 
the place where the ſhip tacked about, and draw the lines c a, ang 
v e, which are the diftance upon each tack, and the angle n a c, mea- 
ſured on the line ot chords, will ſhew 75 .56, from the wind as required, 


0 
into 


Tos, 4 acd 14 ,04 9,3385697 
— | 
Rem. Angle a} _ 
— $75.56 


„ 


F angle x c 1, then Ban iss S, S. W, half W. line; s e 
DEE hy . tree quaners E, line, i 19 ae 
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| Anfwer, She lies 75 , 56 from the wind, and her courfe upon the 
Iarboard rack is 8. 59 ,40 eaſterl:, and on. her farbogrd ek, 
N. 30 ,56 weſterly, as was required. 


Queſtion 3d, Admit a ſhip is bound to a that hes N. N. E. 
halt E. diſtant 575 leagues, the wind being N. by W. and ſhe can 2 
— — war gay — 8 I de- 
mand her diſtance upon 0 OI CONES Pres 


Geometrical Conftr...Sion. Pl, II. Fig, 152 


| The circle being drawn and quartered as , ſet of one point 
from North to weſtward, ee fe: off fix points 
and three quarters, or 75, 56 on each fide of the line to = and t, and 


draw Az,and Ag; again, draw a N. N. E. half E. line as, on 


which ſet „ 76, from a to v, the ſhip's diſtance from the port, and 


through », draw n e, parallel 8 1 f, 8 
then will a c and n e, be the diſtance on each tack required. 


ri eden her, th tip hea up wit er rboud mak NB by 
three quarters E. and on her ſtarboard tack W. 4 
therefore from N. N. E haſf B. to N B. —— 
three and a qua ter, or 36 ,34 equal angle ray 4 4-1, 
a W. by S. three quarters W. Line, ſubltrat a e, 6 $. W. dy W. 


three quarters W, line, and there remains two and A _ 


4 g. is an E. by S. three quarters E. line, and from the 8. 8. W half W. 


E22 


angle 4 n c, ſo we have all the an 


f Then fay, 2 = 
As's, angle & . „„ 28 , % 

„bw ick a 5 „ : Is to fide a B 377 
So is 3, La : P A So is 8s. angle s 64,41 
To ſide x e 94, | Tothefideac . > 


Ach. The wind at N. by W. and fappoſe ribs ports le 

NE bal. and 6. S. W. half W. diftaat 2:75 leagues, a flip 
RR t awled upon a wind 710, — — 
with her larboard tacks on board, and 474,1 leagues, wit: her ſtar- 


board tacks on board, and then arrives at the northermoſt por: 3 L d- 


mand bow agar the via de wake har ver roi pan each ack. 


der ary Pg, e ids by the Fin * | 


* 


h r 
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Geometrical Canfructiun. PL. III. Fig. 148. 
deſcribed and quartered, and the wind line L 
Gran RY 8 


queſtion — 5) N. E. half E. 22 


2 equal 375 leagues, or equal parts (the diſtance of the 
a c equal 719, 1 leagues, and n c equal 8 23 
B , and make Ps, equal PA, fo 2 

of the ſegments of the baſe a c, as in the fourth axiom of ob- 

lique trigonomctry, 


75 nm“ 


719,1: 849,1: : 99,1: ——— equal 


116.9. the difference of the ſc ts of the baſe. 


r 418, equal CP. 
2 


And — equal 301,1 equal AP, 


'Be 47441 
=. $1 


Sum 849, 11 
| X fides — 


As 


AB 373 As hyp. » c 474.1 


Is to go,00 | Is toRadius .  $0,00 

Sois the baſe ar 301,1 | So i baſe n p 418 
To S. angle ar 3323 To S. angle 11e 61,51 

| Remains angle v7 36 ,35 Remains 4 acs 25 0 
abe and a quarter, 3 36 .35, from N. N, E. half E. 
n - fix and three | 


ſtar- 


Yrom the wind on the Parberd ck, and he me Gee on 
— 


o 


URRENTsS are certain of the ſtream at ſea, or the 

tide in a river, by yo which all bodies, as ſhips or 
| boats more therein, are compelled to alter their courſe, velocity, or 
both, and ſubmit to motio2 impreſſed upon them by the current. 

If the current ſets juſt with the courſe of the ſhip, that is moves on 


the ſame rhumb with ir, . 


| as is the drift. or velocity of the current. 


Caſe 1ſt. If the current ſers juſt with the courſe of the ſhip, that's 
moves in the ſame rh umb line with it, then the motion of the ſhip is 
increafed by as much as is the drift, or velocity of the current. _ 


SAILING in C URRENTS. 


1 


1 


1 


' the velocity of the ſhip is Ile by as much 2s is the velocity of the 


ip fails S. E. by E. at the rate of fix miles 
8. E. by E. two miles an hour, required 


an hour, in a current that 
her true rate of ſaihng, 


— true rats of filing will be 8 miles 
an 


Caſe 2d, If — 


enn 


S. W. at the rate of ten miles an 
fix miles an hour, required the 


pounded of the courſe the — the 
T 


If a body at a, be impelled by two forces at the time, the one 
in the a p, capable to cary that body from a to n, in a certain ſpace 
of time ; CE TT mals - 
to , in the ſametime ; complete the 
— AC, been why at A, 

the line a e, and will be in the poine Cat the 
peer ll men og the ln — 
the forces ſeparately applid, hence will ſolutions to the following ex- 
amples be evident. 


A General net bad ts find the motion 8 ents 4 | 


in the Weſt India voyages is thus, 
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ABCD, and draw - 
by the two force to- 


A B. OF A D, win 


Wen 


i 
ö 
N 


— — > — 7 
* 


. 1 * 
P 9 = * ” * 0 
= Wo, we - 
6 * —— 
— — noe OO _— CO * = 
. * —— — — W 


A Fate ditance from 
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When there is a ſmooth fea and no 
mke into her three or four men, 
r 


with a compaſs, a log line, » large 
(whea are 
large 


any cnrrent or 
not, and if any, how it ſets, as ſuppoſe you find the current ſets eaſt 
ene knot and a half, in half a minute, then is the motion of the curr nt 
_ eaſe 36 miles in 24 hours, but you muſt obſerve firft to allow the vari- 
tion of the by the rules before given. 


If the be 80 fethoms allow a quarter part, of 16ofathoms a ſiſth 
&e, cf the arif of the current, more f the drift of the buat, for 
the boat ieems to ride or ite ſtail, yet the is found by experience 
10 drive at the ſametime. Having by ths experiment found Me quan- 
tity and quality of the current, the ff. ps true motion may be obtained 
by the fullowing problems ot q | 

Queſtion rſt. Suppoſe too ſhips fails by the compaſs directly ſouth 


240 miles in twenty four hours in a current chat {cs E. 51 miles in 
fame time, required the ſhip's true courie and diſtance. 


Draw a m to repreſent the north and ſouth line of the ſhip at a, 
which n pendi to 4 ö equal 
9 miles, and join 4 c, then c will be the ſhip's true place, a c her 
Ge or nd angir'e a her warecactd. ; 
— a> 140 | Az, courſe © | 29,51 
Is te the current motion ne 59 Is tocurrent motion 59 
$ is T. Radius 45 ,o00 | So is Radius * 90 ,00 
To the tan. courſe 22,51 | Tothe truediſtance 15318 
Conſequently the ſhip's tus courſe is 5, 32 31 eakerly, and her 
tue diitance equal 35 1,9 miles, as was required. oy 9 


| Queſtion 2d. ſappoſe > a ſhip fails the com . E, 166 miles, 
n 
quired the ſhip's true courle and dittance 3 TY 


/ 


Cav 


/ | 
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in twenty join a 1, then will be the e 
tree place at the end of twenty-four hours 3 A B her true To 


„00 
20 


To 5 7 R. 00,18 


The Un vA A1 NavicaTtor: 


. any 
1 


Aafwer, her true courſe is N 60 18 eafterly or NE by E quarter E 
* rr by | 


3 ſhip fails N W 225 milesin 24 hours and = 
ing E SE 108 miles in the fame time, requir- 


ed her courſe and diſtance made good. 


- Firſt: In the triangle ADC are given two fides, and as 
A Dequal 225 fide DC equal 108 miles and d Ange A D C equal 2 
| Pantoor 22 30. £ . ; 


IAE. 5 


Angle C 139 »14 
| Half Z,; 78,45 | Angle A equal 78 36 


os 
= — 4 
0 


— 


Te Unrvenshs Nene ty 


_ — — — — Nee 


* 
* 


"T7 168 7 


As fan of d 1842 
ee e eee theo 
So is T. 70,45} 1 e224 23 . 
To T. half > of angles Go,2g9 } Toilnfideac 73725 
From 45 0 Hence ber tr court DN. 26 N 


Sobt. 78 ,26 


diftance made r3t,9" miles; he 


ihe of the cin andalfodicangi} n 4c, the 
and ac her deiſtance made good, av her Giforence of lacis 


ys be 


- 
= 3 


>< bir 


y — 
[ FE — 
4 
| : 
* EY 


wall bripg _ 
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7. having the courſe ond diftance made to find 2 
ference of latitude and departure. = | — 
1 IS" Then x latitade 29, and de- 
+ So283.coofs 45 ,co | partmeacn Current given. 
_ Tothe 5 | 
| | Find the courke and diftnce by the?6ik, cake of plais filing. 
22 A , courſe 


45 »00 | Is to the departure 
11 80 1s Radius 
30 ,49 To the diſtance 


chat the current ſet N, 20 49 31 miles in che time that 
the ſhip failed N E 100 miles, now if the ip ſails 5 miles an hour, ſhe 
will be 20 hours infailing 100 miles, in which time the current ſets 31 
miles, therefore divide 31 by 20 and the quotient is 1,55 knots, or 
milexam hour fr the velocity of th corent gs yas required 


"Cale The courſe aud diflaace between my and the 
— == LY 
| or how much to 


Suppoſe ſails by the © 
2 — W half E of 
TY am dee deans and a current under foot, ſetting one 

r 


log, ſhe muſt run to arrive at the 


8 ,in 36ꝙ＋— four miles anda half an hour. 


The amen * m. Fig, 151 - 


of departure to id compais\ 
— — Deling em four miles and a 


half an hour, : 123 miles :: one mile mls and ROS Ie 8 41 
e 
c then ſer off 41 from c to Þ and draw the line 4 Þ then is the ang! 
54 her true courſe which the mut er and a» 2 2„ͤĩũ%v.˖ 


3 


* 


Then in —— — 2. ang! 


- © 
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between them given, to find the other angles and a b Ge a», 
viz, fide BC equal 123, fine oc equal 41, and angle ae 29 ,41- 


AC 123] 180 ,00 | . 
CD 411 39 „23 | 1 2 of ſides 164 
+ ' — — 1 | to X of des 70 
Z. 164} 140 ,37 | SeisT.ha, Z. Zs 70,15 

To Tha. Xx £45 54, 26 
* 82} 70 „18 8 


As J, angle vac 16 952 


| Half Z, £ 70, 18 
unn 54.6 


Is to fide o c 41 Sub. 
80 is 8. CA ů/ 39,23 | | 
To the fide 5 4 89.7 _ Remains 


Hence the conrke which fie malt fleer is 34 45 welierly and diſtance 
89 7 miles willt bring her to the port at © as was required. 


er ſhip coming out from ſea in the night, has 

hi of Scilly — E by N, diſtance fous leagues it being 
— fon E E two miles an hour and the ſhip running 
at the rate of five an hour, required upon what courſe and how 
far ſhe muſt AD 


* . a 
— 4 


| The eee yi. 3-Vig: wr ot 


drawn the ſemicircle N B S let a repocleat the iſh | 
draw the NE b N line a s which make 2 


at ſea. 
TL „ from 8 draws L 1 

6 tine K T 0 n 
* c parallel wo the E N E Hne equal too miles from'c . draw 
e Þ equal 5 miles, meeting 4 L in Þ, then from adraw an 
to c Þ meeting „ 
and 8 » the angle He. 


a pas . 


NN = 


AIs 4 50,06 
e 


Is to — * 2 39 
2. 65 53 . 2 30, 56 u 51 17 
TT. R. x 20,1 | —— 


& ALS 10,35 


4 
2 
* „ 
— 
— ——— ep —— — — — — 
— FRAY — — — SAR. ee — — "——; _ 


. 
* 
— - — — 
—— — 


$ Con — 


„ 
— 
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5 17 4 33 +45 cqual 2m the 
bearing of te lad rom the tp then, ” — 

8988 51 8 

Is to fide mo Hence the diſtance between 
- Los. angle acc. 61 .53 — miles 
Tokde a 4 57 5. 

„ In the AD c are given 


the angle x 1 +32 the dibance 
between the E NEandN 5,0: 5 % E lines, the * 2 . — 


two miles, 
| CT og nt Oe Do Cog 5 ma, the bop 
6— — — _ . 


Loe, 80e courſe the ſhip muſt 
er eaſtly, for 
the dit. & >. © will bebycaſe 2d. 
— 


As s. angle » 155 +33 (24+ 

Is t fidea 1 m_——_ — 
So 18 8. L ” as 
To the ide AB 41 ,96 


7 recess the thi — erde of fve mile an hour, 
tte » hours, 24 miles 3, 8 . 
o_ X L 37 3 

bg 
- from a certain headland in the latitude 
So N fails $ W 1 — 2 cos es 
neee eee 


EN Ed found abe A N required 
to ag de te — n 


— aA Y 


wu N of the rr 1575 

ter do ne 

a n equal x56 miles, alſo the W $ W line & g at pleatfure fer 51 

— LI. y on the meridian a vdraw y s e 
og the W, 8 W line a Þ in 8 Join ® s with che right the then 8 

will be the Gi plac, ag 5 vhs Gin of he croton 


ſhe Ute Navgoaton, at 


S Eby S liac and the Line » » mill be n of the current in 24 
hoars, 10 find which by, 


— Calculation, 
the diberence of latitude 


1. In the r | hob dah ' 
2 7 equal 71 miles: angle SAR 
ghe Gde d the diſtance the Wr has failed. @ 


As s. c, courſe 22,70 | As Radius 


Is to the diff of lat. 71 m. Is to the difante 
So is Radius 90 ,00 
T's the diſtance 185. m. 


e 171. 


Hence the ſhip's diſtance made good is 185.7 miles, and hey deper- 


2. In the oblique A « = © there are wo fides and an angle between. 
them given, viz {id- a = equal 185,7 miles the fide 4 ® equal 156 
miles and the angle « a B 5 points pr 33 ,45 t 
1 and ide 2 8. | | 
| Sake Be 63 

4814 441 
Ren Is to the dif, of fides —ꝛ 


half Z £8 73907 


equal 67 .30 by which we Sad | 


nd the angles 2 and 


« Z angle 146 15 His T. ha. Z angies 71,07 + 
| . | 


— — —— — 


wm 2 


_the 


— oo — ̃ — — — — — 
: TOE — — 
= ———— 2 — 2 
. * 
- . o 
o 6 * 
9 - - 
. ” 


A 25 
dos pita 1 39 miles in 180, or at the ark oa 
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| Afierthe circle is deſcribed and quarter.d, lay two points from N, 
towards R, and draw the N. N. Z. ha 120. 


, Lay 6 points from N towards E andy it and a draw an ENT 
a D at pleaſure then lay 75 miles on the meridian from a to v 
draw the line v LINE Ian bow ann 


angled A AP Di n and 
F 4 D equal 67, 30 * A equal 22, 30 to 


: - 


* s. = 

As 9 FDA 22 20 -1 | As Racing | 90 , 

D % DA 75 m. Is to ſice a 5 196 m. 
So 1s Radius 90 ,00 So is s. angle FAD 677.30 

To the fide av 196 m. To the ide FD * 


2. In the oblique A ac» Joe av now the tile » < equal 150 
fide A Þ 196 and the angle c A p contained between them 4 points or 
45 oo i m_d Ge angie A < Þ the cuncate monon to the ſouth caft= 


- | Bard, ah the fide e no iy. 
| AD + AC equal 346 


1 346 equal Z fides | As ſum of ſde 346 
; AD— AC equal 46 equal X fides F Is to diff, of fides | 
180 .oo | Half Z angles 6; ,30 | 
45 -00 Half 6. 2ngies 17 „48 
| "= 0 Angle ACD — 


* W fs ends, 


* 


males an hour, 


Nen. 6.4] 


* 
- - a b 
A 
* * - 


% 


by 


She UnivaentsatNaviciro ty. 


Of Turning to WixDWARD in a CunzAurs. 


7 
| 


will make her 
way 9 given, or known, to 
find how long ſhe muſt lie apon i is der port, Gn 
her war of recuing, or miles tilled in an kour by th Tag, A given 


7 
; 


Queſtion 1 t. ſuppole two pares bear gorth and ſouth of © the 
diſtant 270 miles. thewind at ſouth, and a current ſets ſouth, 

an hour, a ſhip is bound directly to windward to the fou 
and can lie within 72, oo off the wind. gets her ſtarboard 
and fails fix miles an hour by the log I demand how 


i 


4 
r 


F 
5 
5 
. 
L 
F 
I 
2 
7 
' 
N 


: 


— — 


1, Draw the meridian or north and ſouth line a n which make 270 
miles and the angle A © or z a c equal a oo equal the ſhip's courſe 
from the wind, then biſect a » in p and draw  c i 
bifet A C in C and K E parallef 


that n 


perpe D Cas in E. draw A E and BE S | 

diſtance on the ſtarboard, and B E Ihe daſtance os 
tack to obtaig the port B and the angle D A E the courſe 

made good, by the reaſon 333 2 mh 


* 


—— —— — . 
= „ 2 es ws 
* * 


224 The U 1 v nA Navicarok 
| a WY by the bag, is the rign ip will be at E by the heip of the 


a ba 290,8 | 36 .0o 


Half form of angles 


25 viz all the angles „ b—_—_— 


to ſide 41 


AG: AE: :Ac:AR wall cut ay 


W cxlculmion) 216 75 this divided by 

der login gives 35 ,05 hours 12 . 25 hours 
time to ſtand the ſtarboard tack, and the ſame 
—— 68 Ws wick the port bound for at B. 


Trigmenmetricad Calculation. 


z. In the oblique 


a C c there is given the fide e © equal 
245-2 the fide a c 436 miles with the angle A c c contained 
between them equal 105 oo (for c A is alice W 18 © and C 


2 s ſouth line) and from W 18,00 norcher'y to ſouth is $08 ,00 ws 


find the angle c A G and fide ac, 


500 | 
108 ,co | As Zfiides AC þ CG 
——— | F to di. kde AC — CG 
72 ,o] So is F, haif ſam” angles 
| — Fo T. f K of angles 


P Hence the D A © equal 1 2 c 2nd 12 00 ple c —— 


D hoſe to | 
— 5 . the annexed, ans 
Ind he dance made good upon each rack. 


35.00 
— 2 
Angle AGC $5259 
Angle c AG | 
Sund the diſtance, failed TE 
vent ſhe is carried to E, 


16 03 
The diftance made goon 
. 4. A K E equal 
equal 16.01 and angle AE K 


N 


1 
of the eur- 


= 6 Et 
A 66 


Aa ane. 
8. Henes the diffance failed 

2 . —— 

2 6, gives 35 ,03 hours, or 


min, a 
2 3 The 


2 AEK ng 
* . 


carried by the current from 4 to 1, and then lying ſame way upon her 
larboard, ſhe will arrive at her intended pcit B, fo that in ſeventy hours 
fix minutes, ſhe performs the voyage of 270 miles, alt ough upon a 
wind, by the help gf the current, which if their had been no current, 
— p at the ſame rate of ſailing, 


Caſe ſecond, When the current ſets obliquelv, that is, neither north, 


ſouth, ealt, or weil, and the put b und to, is upon aay other point, 
and not on the afore ſaid four cardinals. 


Queſtion ad, Suppoſe a ſhip rak-s her way good within fix po'nts 


or 73 ,0” from the wind, being b::und to a point at P, bearing from. 


A, S. W. by S. one quarter W; distant 476 miles, in the time that 
the ſhip fails 00 miles; I d: mand the courie and diftance the ſhi 

muſt fail upon her ſtarboard tack Aa b, and what — 
D P, to gain che ſaid port at P. 


Geometrical Conftrudion. Pl, m. Fig, 152 


WS E, ſet off one point from s to W, for the wind line, and A « for 
the currents motior, being a S. by E, line, then ſet three points and a 


quarter from 3 towards w, and draw a S. W. by S. a quarter W. line, 
| I 


the diſtance of 


4 


Þ, then ſet off fix points and a half, 
ys to Band F, and draw A B, 


36, 2 leagues, and draw 4 e and ac, ſo ſhalc ande, be 


the ſhip gets ber ſtarboard tacks on board at her firſt 
raw from P, a line parallel to a c, to cut ac in oy 
where the ſhip muſt tack, ſo ſhall 4 p be her true diſtance on 


ſhip 


, i. In the oblique triangle a © 3, we have given a = equal 


4 
miles, v G 110 miles. and the angle a F equal ii points and a half, 


equal :29 ,22, for E 4 is a N. W. by W. baif W. line, and v 2 


S. by B. line, trom the one to the other is 11 points and a half, to find 


the angles a and G, and fide a c. Therefore by caie third, oblique 


- 7 


Geo | - dido. 
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The time ſhe muſt lye upon the ſtarboard tack in which time ſhe is 


upon her | 


aving drawn a ſemi circle, and ordered it as before ſhown, placing = 


* 
8 2 2 ˙· ·—»ͤ p—__—E 


426 De Unter t sat NAvie 410m. 


— — — — 
. - + — — — . — — —— 
— 
- > * 2 


an E. half N. and BC a 8. by E. line, frem $. by l. to 


Side BC 110 84 ,22 | 


 ' equal 3 3 ＋* 22 
other ſides 


Side a 303 From 180 ,00 5 
Side x 6 "= Sub. 129,22 | As the ſum of fides 410 
r 
2 ro £3 YO, 18 25, 
470 $ | as 5 >19 


To the T. half 13,21 
X of fides 190 X £ 259.19 * 1 
Half Z angles 28 ,19 | From five points and a half 61 by 
Half dif. angles 7 5 FAG 12,58 
Angle AGE Remains arch 8 DD 

5 —— Add three points and a half FS 

Angle FAG 12.58 

Sum is angle PAD 

3d. A 
300 miles, or 100 36,1 
ABC ſeven points equal $; ,22, for 


ſeven points and a half, or 84 . 223 2248 che 


third 


15 


Side AB yoo ** 


As the ſom of fides a » + n@ 410 
2. W im 
lies 410 7 w i. 47 »49 
Ee} Bb. 0 | 3 enn 27 , 
FI 449 


a and pr, as followeth, 


* 


a 
: 


ith 
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As s. angle 5 ,2 As the S. D 
N * RN ; * 
So is s. angle A Bs .28 So 18 S. angle v 27 ,04 


To the fide DY 514 m. To cke ide AD 23445 


Conſequently ſhe made 224,5 miles diſtance on her ſtarboard tack, 
and 514 miles diſtance on her larboard tack, fo that with allowance ior 
the current the ſhip mutt fail S. 48 ,-5 eaſterly, 234,5 miles, and 
S. 63 38 weſterly 514 miles, to gain the intended port rv. WWR, 


Queſtion 3d, A maſter of a (hip having taken a freight from an 
Mand at A, to another iſland at 'B, and having his fon on board 
along with him to gain experience, he enquires of his father whecher 
there was wot a current ſetting upon ſome point between the tuo 
lands ; his father refuſing to tell him, but bids him obſerve well the 
dead reckoning outward bound and alf) home, and fee if he coal? not 
by comparing them find the churie and m, tion of the current ; where 
upon the Captain who knew 32 what way the current ſet, and 
how the iſlands bore of each , cauſed them to ſteer auth, 


De Geometrical Conftrudtien, PI. 3. Fig. 151 
Ds the north and Buch line A C equal 270 miles, the duft chung 
nas. then by reaſon her, courſe home 


D. at an of 4 


$ 
8 


| a toc, and from Þ to a, for the find 
| — A C n | 
| Sontained angle e a b 45 ,90, to find the angle 


> » 
Fg 
I 


enſteriy, which is eaſt 15 miles northerly, and for the rate or motion of 
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Half ſum of angles 69 ,30 = 
Half differcace of angles 22 1 As S. angle 4 c 


8 | 
Ls to fide a 5 by fg 
Angleac 5 89 ,44 | 52 is 5, angle cap 45 ,00 
To che ade c b 268,7 m. 


Angle a 6 44,512 


Here 268, 7 is the current motion or courſe, during the whole voyage, 
now to find the bearing and d ance ct the iſlands, wr fre that in the 
whoie voyage outwaras and h.imewards, th* thip runs g:o miles, 
which at hve miles an hour, requues : 20 h.urs, ia which time the 
currents ſec 26,7. but her voyage ontward being but 270 miles, 
which at fy- nes an hour requires but 54 hours; therefore ſay, by 
the rule of three, If in 130 aur the current ſets 268,7 miles, how 
far will it ſet in 54 hours; viz, 130: 26,7: : 54 : 111,6, hence the 
currents race which the ſh'piails by the Cg ir m a to C is 111. miles, 
which ſet upon the line c b, from c n, and draw A B, which repre- 
ſents thc true courſe and di ſtance between the two iſlands, for the find- 
ing of which by calculation there is given, in the A anc. the fide 
4c equal 270, the fide < n 171.5, and the contained angl a c „ equal 

$9 „4, to find the other an, les and fide a B, as before directed, 


Side a c 270 | 180 ,00 To 
Side nc 111,6 $89 ,z4 | As ſum fides a c + noe 381, 6 
I to difference of ſides a 0 = Be: 158,4 
Z. fides 381,6 90 „16 ] Seb 8 four of ang es 45 , 08 
* difference of angles 22, 39 


X ſides 5564 45 505 


Half ſum of angles 45 08 | Then for 


— 


fide à , the true dif- 


Hence the angle can 22 ,29, the true courſe from a to s fouth - 
eaſterly, which is S. S. E. one mile ſoutherly, and the true diffance 
berwcen the two iſlands is 291,9 wiles, the angle 4c b, is the courſe |. 
_ of the current, found by the operation equal 89.44 from the north. 


the current's running. it is found by divid ng the whole :ace of. the 
current 268,7, by the whole number of hours the ſhi was under fail 
equal 1 30, the quorient (2,065) is the miles that the current ſets in an 
hc ur, or appears by the operation, ——1 30)265,7( 2,04” miles 
H-nc* in anſwer to what was demanded the courſe from a to n, is 
8. d. E. oi miles ſoutherly, the diſtance 291,9 miles, the courſe of the _ 


* 
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eurrent is E. © ,16 gortherly, and irs rate or motion is 2,067 miles an 
hour ; now for thoſe that would prove the truth of the operation, they 
may eaſily do it by inv-rting the queſtion, and itate by the firſt caſein. 
current failing, which the young navigator may try at his pleaſure. 


Queſtion 4th, Admit a ſh p in f!1 water w'th a certain fail carried, 
makes her way x with a ſeven point of che wind, being bound te 

a port bearing N. N. E. :iſtaat 100 mites, the wind being direftly 
N N. E. anda current under foot ſe tting N. by W. 45 mile:, the ſame 
time the ſhip fails by the log : m.; I deman the courſe and diftapee 
made good during the experiment, and her cuurſe and diſtance by the 
log on each tack, | 


Geomerrical Conſtruction. Fig, III, Pl, 141, 


Draw a circle with the chord of 60 and quarter it with NE WS, 
and a at the center, to repieſen / the place failed from, then draw tha 

N. N. E. line, and make a » equal 100 miles, then » repreſencs the 
| mn eacn ſida of the wind line, and 
w a8 and ae, making each 55 the uiſtance ſailed by the log, Greg 
the experiment, and be ale the current ſets N. by W, draw the N. by 
W. line, and through y and g, draw the lines s G and 2 c, par 
thereto, making cach 45 miies the diſtance, fer by the current, during 
the experiment, and draw Ga and c a, which conſtitutes the oblqus 
_ triangles AFG, and auc, then in the cblique triangle arc, are given 


the ſide ay equal 55, FG equa! 45, and angle r equal 1 35 ,oo, to find 
the angle F4G, and fide AG, the diſtance made good, on the ftar- 
board tack during the experiment. » 


As fum fides AF FG 100 1. 
Is to x fides AF — FG rom. 
80 is T. half fums Zs 22, 30 
To T. half x ofs 2,23 


Half ſum of angles 22, 20 | | 
Half difference of angles 2 ,22 As s. GAF 20,08 


Angle 24 5521 So is 8. angle AFG 45 00 If IE 
— | 'To the ide AG g2,44m. 


AF being a NW by W. hae, is therefore diftaat three points 
from weſt, t which foe Cad ihe ele GAF equal 20 ,08, tbe fun 
1s 53 457, the ditt.vce of the rhumb AG from the weft towards the 
north, which ſubitr cted from go , oo, leaves 36 ,oo from the north ta- 
wards the wett, which is N. W. by N, 2, 26 weſterly, and ſuch courſe 
the ſhip makes der way good upon with her ſtarboard tacks on bond. 


— — — — .— 5 -— — vo = 
a Ss wi 2 £ . ' 


| ue equal 45 miles, 


| both triangles and you have AN DF 
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2d. in the obhque 


a 2c, a0 go te fe-e0 miles, 
and £. anc equal 67 „0, to 5nd the . 
nac, and the fide ac her diſtance, with the oard tack on board. 


AB 55 22 1 
BC 45 67 „ä 30 AsfamofAB+ BC 100 
— \ I do difference of ſides AB Þ Bc 10 
T. fides 100 112, 30 J So is T. half ſum of angles 56,15 
— — Te T. half difference ot angles 8, 31 
X des 20 H. Z. 56, 1] 
Half ſum of angles 56,5 
Half difference of angles 8 ,31 47 >44 
— 5 
' Angle ACB 64 ,46 67 ,30 
. —— - Toe de A C 56.18 m. 
Angle nA 47 44] 


Now AB being an E, by s. line, if we ſubtract the angle EAB 
equal one point or 11 ,15, from 47 ,44 there remains 36 ,29 the dif- 
ance of the rhawmb tne A C from the eaſt towards the north, wuich 


From the point v the port, draw a line as v o, parallel to a c, eut- 
ing a c produced in Dd, which conſtitutes the wiangic ave, then if the 
flup firſt ſets fail with her larbourd tacks on board, ſhe failed from 4 
to n, and then hanled up facked about and ſai 
y, therefore in this 


Laer, fimilar and equal to A D r, and the calculation is the 4 
tance on the ſtarboard tack, and A the di 


bg 8 
2 
o de .P $1.25 3- 
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Having drawn from the point L the line DK, parallel to GE, and 
2 the & AKL, fimilarto a F Gin which A FG in which AK 
repreſents the diſtance failed by thd log, with her ſtarboard tacks on 
board, therefore as 40: A F:: AL: Ak. that is 92,4: 55 ::51 53 
: 306; miles, and drawing DH parallel co CB, yon have this propor- 
tion, as AC: AB:: AD: an, that is 56,18: 55: :85 „22: 33,95, 
ſo that the ſhip ought to to fail 30 ,65 miles by the log with her 
boned, and 83 ,45 miles with her larbuard tack, to gain the port. 


Corollary iſt Hence it appears, that i ſhe firſt ſets ſail with her 
larboard tacks on board; ſhe will gain the port with her ſtarboard 
tacks on board, and the contrary if ſhe firſt ſet ſail with her ſtarboarl 
tacks on board, ſhe will gain the port with her larbaard tacks on board, 
and in both caſes failed the ſame number of miles. ** 


iſt. TLeearth on which we dwell together, with the water, make 
ene round body or globe, which isthe ſubject of 


24. The poles of the earth are two imaginary points, direffly op 
polite upon the ſurface of it; that in the north, called the north 
and that in the ſouth, called the ſouth pole. 


F 3d. The equator, or line under the equinoxial, is a line drawn 
— globe, and lierh in the middle between both and cutteth 
all meridians at right and is a great circle, which la- 
tude taketh its beginning, and in which loagitade is reckoned. 


— anſwerabie to 


— — che equator at right angles as PQK,P AL, and PMI. 


chem, are the north and ſouth lines drawn in any chart. 


3 the equinox. or equator from whence it 3s coutte 
1 each pole, where it ends in go, which is the greatest 
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Sth, Difference of latitude is an arch of the meridian, and is the 
neareſt diſtance berween any two parallels, and feweth how far any : 


place is to the northward or fouihward of anocher place, and never 
exdeedeth 180, 00. | 


cth. Longitude is reckoned in the equaror, round which increa- 
fing to the eaſtward, is countec by ſome, tili it ena. where it firſt be- 

an, in 300 degrees, which is the ( -eatell lc ngĩtud er according to 
Mr. Wakely, in h. Mariners Compaſs re&ifi-4, it is counted rom the 
meridian v: London, increaling on both ſides of it, both eaſtward 
and w-ltward, till it termiuates in 80 degrees. 


roth. Longi : ude of a place, is an arch of the equator, contained 
between the m-ridi.r of that piace, and the firſt meridian where lon- 
gitude taketh its * (counted by the old way) to the eaſlward 
ot the meridian, but by the new way it i- counted both eaſtward and 
weſtward (rom the mri q ian of London, which in this account is the 
meridian, whence longitude taketh its beginning. 


11th, Difference of longi tvde is an arch of he equator contained 
between the weridians cf any two places, and uever exceedeth 180d. 


12th. The difference of any two places, is an arch of a grat irc 
is eee degrees, 


e thatthe the Ggure ſhews the projeRtion of the terreſtrial. 
T CITE 6s. hw d in fi the diſ- 


K Prob. 1ſt. Two places difering only in in Latin, 66 fad ther 


> diſtance, 


| 1 * meridian, or bearing north and fouth 
FN „ are ſaid to diffcronlyin latirude, 


1 ad. Two places differing only in Latitade. the difference of Latitude 
I de diſtance required, in which there are two variations; Firſ two 

b places both on the fame ide of the equator, viz. both in „2 
ri In ſouth Latitude, to find cheir diſtance. 


Rule, Subſtract the leſſer Latitude from the gromer the remainder | 
reduced into leagues or miles, is the diſtance required. 


Vai. 
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Variety 24. If cne place be on one fide of the equator, and the other 


on tie cther, viz. one in north latitude and the ü 
to find their diſtance. 


Role, Add the two given latitudes together, and the fam redeced 
into ic:gnes ir miles, is the diſtane required: 


1 hetc are ſu eaſy its needleſs to give — being the very fame: 
as i» died in the plain and mercators charts. 


Proh. 2d, Two places differing only in longitude, given to find 
their didaace. | 


Note. Two places differing only in loagitude, lyeing due eaſt and | 


welt fo each other, c 
— 


In this Problem are two Varieties. 


Variety iſt. Two * under che equator, their longitade being 
"vey, to find their diſtance. 


7 


be eaſt or both weſt, abend the lefer from the 
at. Je remainder is their difkince, but where one is caſt and 
e other welt, add them together, and the ſum if it exceed not 180 


degrees, is their diſtance ; and when it doth exceed * 


54 Weſt 
Remainder is the difference of 47,46 | 
| Both places in Latitude 2 „„ 


cen Confei. N 


Draw the circle E HQL, with a chord of 60 
puree go ,00, and quarter it with two diameters or right 
L, and AO, then is P equal north pole, and 1 


th ith the ſecant of an 
oblique circle PONI, 3 
15 6⁰ 


Sie 
* 


ah poke | 


- 
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2 3d, Make E 2 equal the latitude, then with tangent of its 
complewen?, draw the circle ZO te, diane {= 
_—_—_ then 15 O the Lizard, > wp wn Penguin iſland, both in 


2 parallel of ee fene 2 2 Having — the right circle ZAC, 
you ave nts th which to deſcribe an oblique 
ata of ger, 3 


To find the diſtance by Trigonometry, it is to be noted that the 
Oblique Triangle is zro. 


rt, z v equal v o equal the complement of latitude 40, oo degrees, 
ad. Angle zro equal the diffecerce of longitede 47 ,46 degrees, 


3d. 2 o equal the diſtance of the two places, which to find let fall 
the perpendicular ys, by drawing an oblique circle with the ſecant of 
23 ,53 equal half the given difference of longitude, to cut the oblique 
circle z o in B, and ſo divides the cblique — into two right = 
triangles 220, and * each the hypothenuſe, and one an 


. N 
: ſo is dhe 8. C. . or minutes ofthe oquanr ma. 
a degree of longitude an required. 


In the latitude c4,20N. how many nile 
Rn ſd. ” __ 
As Radius 90 „0 10. ̃ 4M aal | jo 
bs to-S, Co. lat. 35 4 ** 
S0 is 60 1,y78151 | Extend from 8. 99 ,09 5.35 40, | 
To the mil. on 2 the fine of n 


that extent on 
— 34.98 1,543671 rr 
er 35 miles very near. | 


. 


1 . e - 
2 4 . 
- 
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Problem 4th. Two places differing both in latitude and 'anginde, 
their latitudes and longitudes being given to find tneir diſtance, 


Note, In this problem there are three Variations. 


Variation iſt. One place i in the equator or nn. 
and che other towards either of the — 


Exam ple, I demand che diſtance between the Lizard | in Enzland, 
and the entring of the river of aun their latitudes and longitudes 
being as followeth. 


* = And Longitades . i W. 
X of longitudde 42.40 
Stariggraphical Projettics. 
The cir:!e being deſcribed and quartered, make E Z, on the pre- 


mitive circle equal 50, oo, the latitude of the Lizard, (fee laſt 
figure) E — A to N, from the 
o, 80 20, 

its 


Subtract x of latitude 50, 00 


haif tan_ents, the contrary to be 1 
Dd 
by its poles is the diſtance required. 
| But to find ihe diſtance by Trigonameny, a 

if. The leg Z E, repreſents the latitude of the Lizard 30. 

2d, Thei-g E N. equal the x of longitade betweenthem 42,40 
3d. The bypinkenaſe ZN, the diſtapce required. Then, 


As Radius 90 ,00 Then 90 , % — 28 ,13 equal 
Is to 8 C. latitude 40 ,oo 61 ,47, 2nd _ being reduced -jans 


Su iss. c. Xx long, 47 ,20 rad ox drain: 
To 5. C diſtance 28,13 wes required. 


L 


Variation 2d, Two ; being ronends ene of the poles, that is 
both in north latitude, or both in fouth latitude, their laticudes and 
longitudes being given, to find their diſtance afſunder, ; 

Example. 1 demand the diſtance of the Lizard from the ifland 
Barbadoes ? 5 


—_—_ Lad 


an AY ſs þ 4 - 
* 


80 is T. C. lat. 40 , 00 9, 923814 
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Barbadoes in latitude 13 , 00 N. 
Difference of lat. 3 , 0 


neitu 3 24 W. 
Longitudes w 


x of Longitude 52, 0 


Stereographical Projection. 


Having deſc · ibed the prem tive circle and quartered it with two 
diameters as before dir:&-c, make the angle EPI. 52, zo equal he 
given difference of longitade, by drawing the oblique circle P LI, 


with the ſecant thereof; alſo on the premitive cirele make Z 4 ,00 


equal the complement latitude of th: Lizard, and draw the Harallel 
cirele aL It. 1: ,00, diſtant from the equinoxia!, being the latitude 
of Barbadoes. with the tangent ef its complement, o cut the mer 


oblique circle in L, the point for Barqadoes ; then through 2 L c, draw 
a cirele which completes the triangle. 


But by Trigonometry to find their Diſtance, obſerve. 
ot. PZ, The complement of the Lizards latitude 40 fe 
zd. PL, The complement of Barbadoes latitude 
3d. Z PL, Their difference of longitude 

ach. Z L. Their diſtance required. 
Frigonemetrical Proportions, = 
As Radius : Isto 8. C. of their difference of lonvitude : :S0is F.C. | 
of the latitude : To the tangent ot a fourth arch, which bein 
fabtrafied from the t of the leſſer latitude, when the diffe- 
pgs on ay ain 3 dey. op ang oy moment 
,00 „ its t to 1 rees, 4 1 
= ce bad cond 3 Hh ny, A- LR. C. of the tn 


arch: : Is to S. C, of the reſidual arch :: So is the 8. of the greater 
latitude : To the 8. C. of the diſtance required. 


77 ,00 


52,30 


- 


As Radius 90,00 19, 22282 77 ,00 
Is to S. C. x of Jong. 37, 30 9.784447 | Subſtract fourth arch 27,04 
Rem. refidual arch 49 ,56 
To T. fourth arch 27 ,04 9,708261} | 


As 
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co. ar. 
As S. C. fourth arch 62.56 o, 5037790. 33, 37 * 36,23 
Is to S. C. refi, arch 49 ,04 9.808669 | and 56,23 equa) 3363 m. 
Sos 8. At. Liz. $0,00 9, 984254 the diſtance of the Lizard 
and Barbadoes. 


ToS. comp. Diſt. 33,37 99534230 | 


Queſtion ad. I demand the true diitance between cape Clear and 
cape Henry. 


Cape Henry in latitude 37 ,coN. $ 75 402 We 
Difference of latitude 1410 


—— 


* of longitudes 64,32 
The ſterographic prejektion being the fame as in the lait dueftion. 
Trigonometrical Proportions. 


Cape Clear is in latitude 51, oN | Longitud } (0 ,30 w. 


As Radius go oo | AsS. C. fourth arch 70, e4 
Is to S. C. x longitude 25 . 28 4 to reſid. arcl. 50. 6 
So is T. C. latitude 38, 50 do is S. laiitude 5 10 
Toe the T. toui th arch 19,6 lo the „. C. diſtance 43 11 
Subſtract from 53 00 | Subſtract from 90 , oo 

; — n——— 
Rem. 1 arch | Remains Diſtance 46 449 


then 46 49 X 60 equal 2809 miles 936, 1 third leagues, 
Variety. 3d. Suppoſe two places, one in north latitude and be 
2 ſouth latitude, their latitudes and given to find | 


Example iſt, Te dns ts es Gs Cod in New 
England, and cape Bona Eſperanza, or cape df Guod Hope in — i 


Cape Cod is in lat tude 42 ,10N, 67 - 
Cape of Good Hope in lat, «34 »25 8. | Latitudes 17, o E. 


; Difference of latitude 70 235 x of long, 84,55 W290 


The Sprphic Prejection. 


ik, FR primitive circle  diſcribed and quartered (ſ-e the laſt 
figure) make the Æ P M equal 84deg, --m by drawn; the ob!:que 
cycle PMI with the ſecant thereof, but here the lecant is ſo large 
it is not eaſy to do, therefore in ſuch cafes lay it in the right circle, /E 
MA Q the equator from A to M from the half cangents the cont: ury 
Way, — bow ſcrewed up, to the three points P M ana L ard 


draw 
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draw the oblique circle by it, on the primitive circle make P Z the 
complement of cods latitude with the chord thereof, and draw the 
parallel circle a D T at 34 25 diſtance from the equinoctial (being 
the latitude of the cape of go d hope) diftance from the righi circle A 
AQ to cut the oblique circle PM in D are preſenting cape bona eſper- 
anzo, laſtly through Z and D draw a great circle z de, and its done 
for 2 d being reduced to the primitive etcle, by its pole, is the diſ- 
tance required. 


x Trigonometrical Proportions. 
By tri to find their diſtance, it is to be conſidered that 
e ue triangle Z PD there is given, 


1. Pz the complement of cape cods latitude 41 50. 


2. 7D the diſtance of cape bona eſperanzo from the north __ 
the latitude which is 124 25. : _=_ 


1 3. DP = their difference of longitude 14 55. 
420 theirdiſtance required which is thus found. 


| Furſt As radius: is to the fine compl of their difference of 
longitude :: fo is the tangent complement of the given iatitude : to 
the tangent of a 4th. arch then if the difference of longitude be leſs 
than go oo ſubtract the 4th arch out of the other given latitude added 
to 90 co but if the difference of longitude be more than qo oo from 
the complement thereof to 180 the remainder to the refidual arch and 


Secondly, As the ent of the fourth arch : Is to the 8. 
| eomplement of the refidual arch :: ſo is the 8. complement of the 
Incicude fir taken : Tothe fine complement of the diſtance required. 


| | Fromfide yp 124 ,25 

As Radius 90,00 1, | Subftratgtharch 535 
EUS. C. X of lon. 5,05 8, 97456 — 
So 1s T. G. lat. 47,50 10, o4 023 Remains 118 „50 
5 — —Sabtract go ,00 
To T. of 4th. ar. 5 ,35 8,990479 — 


| Remains refi, arch, 28 ,50 
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As S. C. of 1th arch 84,25 9.99795 10 
Is to reſidual arch 25 „50 9,6083284 | 
Sois 8. lat. cape Cod 42,10 9,3826910 


19,510199 
Tos cz o their dift. 18,50 9.512259 a 


| 


GREAT CIRCLE SAIL ING. ä 


Or tbe Doctrine of S pherical T! 1 apphed fo 
ſailing by the arch of a Great Circle. 


\REAT Circle cailin „as it is the exacteſt, ſo it is the moſt 

difficult, and ſcarce po 1 
ee in a paraliel 
er an eaſt an weſt courſe, 


circle failing is ſailing by, 
«Sl Great circle failing is g by or upon 8 great in, pub 


3d. In Great circle failin there are but three caſes, viz. if. when 
de differ only latitude, zd. when they differ only in longitude * 
2 in N lengicade, _ 


4 Cute if. — — weir laticades given 
to find their diſtance. | 


As before, fubſira& the leſſer latitude from the greater, andthe G. 
"ference there of reduce into mites, a „% 


_. Caſe 2d, Two places differing only in longitude, their latitnde Wa 
. Jongitudes given, to find he diſtance in the arch of 2 great circle, aud 


all that is requiſite in great circle failing. 


This is the ſame wick the ſecond problem, 3 and 4 in Grography 
W : 


2 Theſe places are either in the equator, or in one parallel and lie 
e nſt and weſt —_ each other, bat their diſtan ce in that parallel is Kod 
eg 
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their neareſt diſtance, being a leſſer circle. 


3. Their diſtance in this parallel hath been ſhewn fully in parallel 
failing, and their diſtance in the arch of a great circle is found by prob- 
ſem ath, of geopra by, but the angles of poſition, made by the great 
circle, and its la:itud- and longsi at any aſſigned portion, er 
wih the curſe and diftarce from any place ſo afigned in it, is our- 

work now and is as followeth, | 


Caſe 2d. Problem 1, Suppoſe the lizard and Penguin Ifland, both 
in the latitude 50 oo north and their difference of longitude 47 46 (as 
before in problem 4th, in geography) I demand the angles of poſition, 
the great circles diſtance between them, the latitude of the arch at 
every five degrees of longitude, and the courſe and diſtance of each 
of them according to mercator. | 


This problem is deleinated by the directions in problem 4, of 
graphy, and obſerve that in the oblique ſpheric triangle a y 45 
figure 1-3, a repreſents the lizard, e Penguin Iſland » A. equal vc 
the complement of their latitude, the angle a » c equal their differ - 

ence 1 angle c x 1 equal a c equal the angle of po- 
fition at each place, laſtly the fide a c the great circles diſtance 


Firſt for c a y or a c the angle of poſicion the operation is, 
draw the perpendicular z r as was taught before, with half the angle 

er which divides the oblibue triangle A c into two right angled tri- 
angles a n Þ and C By in each the hypothenuſe and one angle is. 


given, that is. 

1. The hypothenuſe a r equal c v the com 
2d the angle a Y nz equal n » c ha'fthedifference of longitude, 2; 53 
3d, the angle B a yor 2c y the angle of poſition at place 4 
cke leg 4 » equal a c — half the great circles diſtance 5th the leg ze 


plement latitude 40 oo 


As radius Go 00 " 10,000000 | As Radius 90 ,vo 10,0008 
E to & c latitude 50,00 9,884254 | Is to s, e, lat, 40,00 9, 808 
800 115 t. b, dif, I, 23 53 9,646199 | So is ha, X lon. 23,53 9,6% 


"5 | 1 5 9 — — 
To rc 2 —_— n 15 205 $4154 


theangle of po- diſtance in 


fition which ſub arch, 5 Ee” 
tract from 9o oo _ | Half diſtance 15 , 05 | 
Remains , of poſition 14 07 Doubled 30. 10 diſt, required 


| keeendh 
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Secondly, To find the latitade by which the arch hal paih at every 
five difference of 2 F 


icude from a repri 
or — Eiboing mot bs obſerved. 
Firk find the leg n », the complement of the greateſt latitude, by 
which the arch of a great circle doth paſs, which is found by the fol- 


lowing proportion. 
As Radius 90 , oo 


IO, 
| to 8. C. half > lon. 66,07 9.961 12 
do i T. C. lat. 40 5% 8.92381 


2493 f 


— 
— k 
* 


To T. C. BP 37230 9,8 


Rem. the arch, 52,30 the Gr. lat. 


i 2 Preiactios 


„ Make angle ave ele A he n 
tween the — * then —— 3 each equal © tude 


of forty the complement of the tude, and draw 
line a c, 7 the arch of a great circle between . 
. 
e „ ſhews 37 „30, com 1 
latitade ; thin dar Rach 5 2, each five, diſtauce 


other, as ra, pd, re, % Þg, 1b, pi, vd. vl, rm, which are 
and each 3 degrees of longitude from a, the Lizard, then meaſure yd, 


yc, , &c- on the ſame feale of tangents and it ſhews the comple- 
ments of the latitudes of the-arch at their reſpective places d c , 


— 
. 


* 
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22 ple ars 21 "53 
8 


; Thea 8 10 | 
Ser 5 ,00 


Lago war | * — i 2 650% 
Aan MT: 253 bre 1 11 
83 BY | | {ure 2G 0p 

3 933 BYS BPM 21 07 


| Which fab, Gow 32 


— RM called 
—— 


Remains r 1 07 


Tien ws thi he een led of the neck, the ion is 
ſais, An Rain, : Is a the fine of the 24 
the tangent of the arches latitude : To ihe nr 


— — ä —— 


Extend from 3. m0 5. 71 — „3 
— i * 


ä 
EA 2. gr. 1011 6019 a 2 


3 . 3 
— 27 258 | 

1 Remains 10, 104147 B 41 

8: 07 „ 9.997599 » 


"| Remains e eager $5116 | 7 
186 „ — 


. 2 10016088 = 55.6 K 
128,53 „ 9999987 


| Remains _— b 
183.53 „ 9997520 


Remains 10, 112561 3 52 521 
78,53 3% $:991774 


| Remains 10,104335 tangent 51 249 P 
Remains 
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- } Remains 10,104335 tangent 52 45þ & 
023453 % 2992557 


Remains 1 U 
69,53 , 9.999 


Remains — - 


courſe proportions is, Note the Gfexence of kagjtade 
* 3 


this operation may be 

Abt. 9 1,95g043 | Now 

| hor. — 10. r | 
So is x of long, 300 22477121 


« 
1 r T. * . na%. 


Remains 10,638272 ＋. 77 303 from #to © 
1,5 2095 Subfirat 


023 T.$1 * 
2 


| Til gotin bo # 


. T, 82, | from 5 to / 3 1. 
75 Su 


T, 79.15 froam/tow "1% 
Sybltrat | 


1,73 


721246 
_ 


emma 


dg 7. 75 ,26 from a to c 
Far he p u. — 


11 2 


23223 * 
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| thecourſes in the table are ſo near the weſt y you may 


| 
48, 12.6: 44. 1 m, 4 to e 
| 4255 1 1 -4 F tw z 
1514 82 10 to 5 
| 2 545 c m, 188 m. 7 to 1 
4 6 % 22m, 184 m, 1 6 1 
10 „46 36m, 193 m. 4 to ] 
114,34 49 m. 194 m, 1 to 1 
12,50 34m, | 112 m, e 


table, but in 


Which place orderly in the! 


927 miles, until you are in the latitude of 56, oo N. 
927 further, . 


bs ar wma diſtance of e 


= = 


all that is coquiat in grene carte g. 


Note, When two places differ both in latitude and longitude, 
are neither in one parallel nor under one meridian ; — 
are 
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6rd in nya lm we 
— o un a 
5 1 hg ions 


Caſe 3d. The irt kind, „ „ 
N 


Problem iſt. nnen 
Amazon; I d the angles of poſition, the great cucles diſtance 
berween them. the latitude of the arch of every ten degrees of la- 
tade, with the courſe and diſtance of each of them; according te 
Mercator, 


The latitudes and longitudes of theſe places ſuppoſed tobe as follows. 


| 
N 


it. Z Repreſents 
1 — 


* by 


X. 
E. 
2 2 


Cent of the ——— 
„ 


| EANZ, 1 ſound E een ds= 
— : — 


As Radius : : Is to the fine of the latitade : : So i the tangent 
| complement of the difference of longitude : To the t comple- 
"ment of the angle of poſition ut the place having __ 


N 


IH, 
; 


I b id | 
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40 ,00 
9.919666 | Fo T. C. £ at the Equp, 29,38 


Firs . | go ,0p From 90 ,00 r 
| .49 44] Sub. 29,389 | at the River of Amazon is 

— | equal 60, zz equal = xz. 
Rem, 4. =2x 40, 16 Rem. 60, 22 | 


Dee. 61,48 or 3768m. 


34. To find the latitade by which che arch ſhalt paſs at every tem 


dae the meridians from P. as P/; Pg, ke. which in the fleriogra- 
— from P, 6 Pg, he, which 
DT 


. 


The ſeveral pricked lines A E. l g. &c. are fo many yerpendicalars 
complement of the 1 Faſition at the place whi 
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12 90% to, 
to ver arch N 32,40 9,732193 
2 is T. 2 60,22 10, % 3 

Te 


T. ach. tz. 9e 


= 90,00 10,00900 
EE to 8. ver. arch 12,40 9.34099 
80 1 T. angle Go ,2x 10,24500 


WY” — — 
70 T. . 28,06 


9.55599 


Is to'tan. Radiub 45 „00 10, e 
80 is N ot long. 600 2,7815 1 

To tang. cure *46 ,25 10,02152-f 

As mer. x of lat, 725 _ 2,36034 


Is to tan. Radius 45 - 10.00000 
Jo 1s X of long, 600 2.77815 


As mer. 5c & lat. 28 
Is to tang, Radius 45 7% 


. 5 So is X of long, 60 
To tang. courſe 39.37 9.91781] To tangent courſe 29, 
Courſe from æ to à is S, 46 ,25 weſterly | 
ann Now we can finll 
Courſe from 5 to c is 8, 34 ,o7 welterly their ſeveral reſpec- 
Courſe from c to dis S, 30 ,38 weſterly tive diftances as fol- 
Courſe ſrom 4 to x is 8, 29, 30 weſterly | loweth. 


F 
1 


14 8 | | 5 
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As 8. C. courſe : Is to the difference of latitude : So is Radius : tothe; 
diſtance 43 ,25 : 390 : : 90 ,00 : 571 diſtance froms to 4 | 

| 50, 23 $60 731 
550 782 
86,31 984 1142 
Go „28 201 323 


The Table ſbewing the whole Work. 


+ 


n 


52 500, lar equal the at the Liz of ' 
- For che angle Lzr, and e1.z, the proportions, are | 


As the fine of half the complemetits of both latitudes: Is to the fine 
of half their difference : ; So is the tangent complement of half their 


„ 
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copplenen of half the furs of the complement of both 
OT of balf their df : : ſo is the un- 
gent complement of 3 — q 
of half the fam of the angles of goin. ation. 5 


Side Z P 40 %%% | 
N 77,00 
- Sumoffides 10% %% 


0 | — 
Half fan of fides $8.30 
Diference of fides 37 00 


— i 3 


os CO, ar, as 
hen. oF AE: eee 0099234 
Is to . of half x 16, 30 9,501476 
$0iT,C. half x lon.63,45 10,307025 


Te T. balf xof ang. 37 ,02 9.877735 
co, Wm, | 


As Rags 
Isto0S.C, X 
ST, Gln 


As. C. nch 4 
re T 


* 37 30. 9478445 
r . 


3 
. 33 z or 1437 one . lea. 


i n wins es ar oro ge why a (pw 4 


the e all d 4 why by gs 
ATT: r — | | | 


The Problem Comenicalh Protraded. 


1k. Make the angle LPZ equal 52 230, equal ge ane of 
FEE. - K k ad. 


* 


— 


Jie Univensat Navicaron 
Lizard 


* 2 
| is 
P> equal . 


From 


| 00 


go 


99 22S 


38 $477 5743 | The aches 


S's | ; 1 * 
„ - Forthevertical eagle P B Z, the propentenits, - 
k J 84 A 1 | f Z — A 4 


50 | 
27 


wang 


| till the ſame exceed not $@ ,o7 the 
added te be end 97 ,37, that is, 


n. Univzxzat Naviearen, 2 


To the angle 2 5 27 7 
Add the angle a2 


5 | 42 72 2 

8 | byn 
"0 dys | 
ePB 177 337 | | _— 


As Rafi : I to the ». comp, of fs ang : 
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The Table fowing the whole Work, 


—_— 


Fett * 


= 3s a4:tter. ot Ganer 
lat. . fr R= — 


- m. d. e CS miles | 
rn Ae e, 600 3 „118 

3187 | 39ijto or Goo 4 388, W. 
Fer 2796 ; Porno 6 288. 4 


3 2301 ; 620410 or C00 8 , 398. 
1 713/10 of 16021 9405 w. 

1 | op 191.1 or 160 3 058, W, 
787 whole Diſtance i: 


Caſe 3d. One place nv rene and the chr in fork Ha. 
Hope on the coaſt of I demand the angles of poſition, the 
circles diſtance, and the latitude of the arch at ney ns 


. 2. according to 
Mereator ſailing, 


The - and longitades of thoſe place frre e e flows 


a — 2K. [3:55 


* r difference of longitde being | 48555 
awe oblique ag fr trian, vez, in the following projeRion. · 


| ſents cape of Good H= in latitude 25 N en 
PZ of the latitude of tape Cod /, go Towth 
uh. P D The diſtance of the cape of Good Hope from the North- 
le, or its :atitiide, added * peat 
| 5th. DZ Their difference — 
6th. DZ Rrepteſents the angle 2 
eth, PDZ The angle of poſition 4 See 
8h. D 2 Repreſms the great circkes'Ciſtanee desen them 


For the angles dz r, and y b, the General proportions. are, 


2 ſides 372 — p 


- 


c__ 
- 


Cod in New England, and the cape of Good | 


Cipe Cod in = 42 to N. - 


. 


» 


2 Side r 5 124,25 1 Angle 1 2 84-85 2 
Side » —_ | FRO | A 


x 
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Half fon of angles 85 , 
Half differ. of angles — 


As ®. half 2 fides 86.0% o,coogge 
80 is T. C. half ora 47 ,33 10,038785 } Angle 27 119,39 


To T. half x £8 34,10 831777 Angle 


Ass. C. half z fides 3. 1, 169256} Their diſtance on the zrch | 
Is to s. C. half fides . 2 8 


of a great circle, 1 frund a» 
Sois r. c. half yz 47 ,33 10 os ; 


To T. half z . 85 ,29 11, 080 992 — 84 ,55 equal 5 ,o5 | 
; 1299 Side By 024 25 
$59 


———————_——_—_—_—_—_—_—_—_—_—_ 


118 ,59 


As Radius 9g0,c0 1, 
Is tos. c. x long, 5,05 8,947455 


ſo is T.C,l.cape cod 47 ,50 10,043023 


A2 8. e. fourth arch $4 .25 0,002055 
| Tstos. c. Refi. arch 28 ,5o 9,683289 
So is lat. cape cod 42,10 g,820gr0 | 


Tos. c. 2 edit. 18,59 9.512259 


ne geometry, wi 

"through z and o, draw an arch of a great circle, and 
2 ſto » let fall the 

ing 'meaſared on the 

of the arches greateſt 


. it | * 
'> >) » which 


each 10 diftant from 2, as Pa rer dye, &c. on | 
—＋ ts, and it ſheweth the complements of the lagitude of the 
| at 


places, a c de, ac, © | 


k b 
1 
: 
| 1 
. 
1 
1 
4 
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pf " 
” — a4 , 
4 wo 
. 
* 


pu 4 1 „ 3 1 332 110,28 
=" 24 » oy 
6 as . 5 
. a 22 E 120 ih 


#. 
* * * 


4. 
= 
+. 
by 


Theſe ave in this manner which eee 


like the work i —— 8 * 
efche arches greanl cence, 8 — 


As Radios go ,00 dis | From 90 00 
.. c. hyp. 72.50 9.869933 Subſtrac 40,06 
fois. £4 a N 9.939072 — 

„11 Remains , 22. 
Vothe log n» apa N10 The arches greateft Iatitude, 
— ang wa. | | 

An Radius 90, oo + | From 90 „0 

hws,chyp,z» 42,10 3.26920 Sabfirat 49,42 


J$0 18 tan, 1227 60,21 10,244709 


Nemains 40,18 
Torn, comp. E nrz 49,42 1007161 The vertical angle required, 


for the ſeveral latitudes at a, < 4.x, wie Ag 


the BPZz, in continuation, times, which Wera, the 
e | &c, and then 
follows, that 1s, * 
To the angle » y 4e 18 | Theſe vertical a thus 
Add the angle arz 10 ,00 | found, the ſeveral of the 
2 2 ——— 
ys fk ex 


4142 82 3 
me- E 


7 * 
: 7 
＋ 

- 4 

. * . 

„ Fa 
. * 

| Ht 


B — As Radias : bete * 
PB zoo ,i18 ment of the vertical angle: : * | 
the tan, of the arches greateſt lac. .. 


a7 T,of arch of the lat,required, | 
ro 00: ePB 39442: : To49o54 7 7. 37 2 Latitude, at 
2 29 42 526 


. 


-_ 


"Wo bby o a, * ad 


” 05 


* . 


| For the cours they are found bythe allowing prpurions, 


bs ths maridien difference of latitude ; Is to tangent „ 
„eee of basti tagenycourke 5 


* 


\ N | : | K "IF" L 
| 1 3 
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As f 389m. : 55 ,co >: om”: 57,035. Eaterly; fecm x to.« 


a 


id 
* , * * . = 2 


* 


e 


: 
* 
- 


. 


As C32 7 2 


47,38 6 
14344 


40 z10 


E 79 ,30 9,992666 $0 js 8. £ L 20 ,30 9,606 


Tothe ide 22 11,38 - 9.344336 Com. lat. f nonthermoſt port 
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chart, and then with 3 black lead pencil draw lines tom place place w ; 
which will repreſent the greadciecle, andſſo the courſes and diſtabces from 
each place to the other may be found, and at any time may be wiped 


out, and the chart to ſerve at any other time, as before, 


tom Wh 73 _ ga 09 As Rades 90, 00 10, 
ty Rokies N 


& 90 %% 10,000 Is or. de in 73,0 9 aaa 


33 


Tos ens 73 743 9470267 Tos. fide 1 2 10 204. 9.242033 


of poſition, n n——_—_ - 


- 


| and 
; } "ION | * : i | 
As Radius go,co ww, *} Then fidenz - 3 


Te to T. e. £ ot po, 45,00 10,060072 
Sow T. fide z une = 


Subſtract Z 11 8 


' | — , 


Remains 6r 35 


* 


A 6. 2 of po. 41.03 9.817378] Anſwer, the latitude of norther- 
Js w Rades 90.00 10 mot port a8, of N. the latitude of 
Sois «, fide L = 10 ,04 9.242526 | ſouthermoſt port 16.43 N. and 
a C—_r 15 .26 er 9 
ethefide Ly 15 ,26 9,425145 | miles, $4 


* 


D 


Ma x 14 »25 

——— | Remains © ,32 
Z fides 47 »54 (BP 12 ,10 « 
Half ſum 23,57 de 8 * 4 1 


— NAvile ate: 


On the 31. of 1 
r 


. 1 greet 


ſun's meridian altitodle to 33 
8 


Solution. The fo N g g g 88 | 
The firſt ſhip's merjdizp . — equal 
45 »58, and 45 ,58 + 22 ,00 


z00 — 34 equal 55 97 an 
Kacke k 15 
x, 


three 


hp ua 


x he pole or & 


Side a » 21 ,19 
Side z r 12,10 


n = fi 4 
* Far a1,19 0 * 1 


| 9617772 
| 11 14580 8 7% 
Remains © x of long, 55 ,04 5 "45544 45 g f 
* cis. The g I ae. M i og 
2 34-50 nd ws * 5 


| Queſtion Suppoſe | fails 8. weſterly from * 
tude 50 3727 ett 11 — 
Stance is equal IG of cad 
hane, and wt tude ale? 
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{n= gg 
. conſequently equal 2 —V 2 — 
longitude, and en 


But if the = a with Al I have 
Sinn. the 2 ng ein wi — Males 
ſum of the diſtance and difference of x 


| n 
the fum, and extra& 
ſubſtraſt from three times the fam di i 


6 .24 the x of longitude, and 2 equal 10,18 the f. anl | 


— 1 Gherte DCA, 228 , 
tance and hate pared 2 2 5 
Si 2 


o. 74762 | 
99047154 
9,802748 


$i To the fide an 4,02 $,847638 * 

11 - Laticude departed from 39 „28 
IS I " Asthedik, pa 10,38 96253373 Diference of luinde 9 a8 
4 Soisfide a = 402 8,847638 Complement lade $8253 
. Tag eng a! ADE 23 2 595 Hence the 2 come to is 


þ angle a Þ y t ,o8 N. and her 
. | courſe , re- 
Remains 2 bar IE 


8 E 213 — * 


* 


So ig 4th, prop. 25 1.397940 


| Sos the derer, 15.7 2.19% 2 5 
1. . 15158 45498 | Tothe d. % — 


e YT» + Wo 
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ach. Three ſhips a, », and c, failed from the latitude 
\ A failed into the 8. W. quarter, e in the 8. E. quaner,'B 
£5 os fume cond 1 n 
In one of lat being equally diſtant "her ; 
er. 30, the diſtance between A and 
C the twoouter moſt was 80 miles, and the midlemott ſhip diſtance 
was 60 miles ; quere without the courſes 28 
and C, B's longitude and latitude come to ? | 


Sulution. In a plain , having the vertical angle, the baſe, 
— — ual B D; to find the perpendicular 
B E, or the common difference of latitude. thus, As'the bate +06 the 
ſum of the ſemi baſe and biſecting line, ſo is their difterence «Soanh. 
wa, gk. ; Then as Radius, to tangent of the vertical angle, fois 

e 
equal 54 ,86, The operation. 


Half baſe 4 Then as 80 is to 100 br is 20 
| To which add to 25, the fourth proportional. 
Their ſum is 100 To fnd DE the — 
— | tween perpendiculas 
The difference - 0 2 


As T. Radius 46. oo 10, 0 : | 
Is to F. ver. £ 65 ,30 10, 341 296 | 54.86 - $4.6 cqual 3009 $196 


— ao 


ToC. RX n 54.86 1,739236 


To 8 | io the Sn of tin... "—_ 10739672 
2 22 Is to T. Radins 53 5% 
bee 
A, dep. $443 —_— 
— To the 7. eourſe 49 35 1066 
S 12 | 


; - ** Ar ww. ap." St 


AsB X of lat. 54.9 | oak - oc. 2d 22 
Is to T. Radius 90, 0 10.0000 Is to the deyar. 64-3 os 


113 


. 
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Anſwer, As Cowrlſe 8, 49, ze weſterly, diſtance 845 miles, B's 
courſe 8. 15 ,85 caſterly diftance 56 ,94 miles, QE l. 


2 ſhip's fail from 1 port, the firſt ſhip A, failed 
+ t, Suppaſ + ſhip's il from 1 port th rt hip A, ſum 
e their courſes is 70 dey, the ſum of their being 540 m. 
their common difference of latitude was 280 miles; Quere ſhip's 
courſe diftance and departure ſeverally. ; 


tional, Then As half the bats, Is to the difference between | 
pendicular and the fourth fo is the ſine of the tum of the 
courſes, to the co, fine of x the of angles at the baſe, equal the x 
ꝶ6— CFE, The operation. 


Half the baſe 540 equal 270. Then, 
As T. fam of courſe 70, oo 10,438934 | 
I to halfthe baſe 250 2,431364 
#6 is tan, Radius 45 ,o — 


270 7.958636 
and 4th prop. Kees. 1817 29257355 | | 1 
re 70, 0 9:972986 Weftermoſt courſe 
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_ Anſwer, A's courſe is 2, 60,23 welterly, ditance 567 miles, de- 
departure 47,4 miles, as was required. | 


\ 


Queſtion 6th. I ES 
eee welt quaner om a certain in north latitude 
gituce 12 ,40 W. making 


2804 miles, Nr 
azimoth from the north at 
com the eee, ee be 57 
the port ſailed from, and the latitude and ERS 


| Solution. Firſt, 29 days 8 hours from the fourth of June, agrees 

with the 3d. of July at 8 at night, the ſun's declination for the faid 
_—— Theu from 90 · 0 ſubſtact the fan's anizmuth 
64 ,24 the remainder is 25 ,36 the ſun's amplitade. - Then 


As s: fan's amplitude 25 .36 9:635570 


$0 is ſun's decl. 22% 9-590984 | 


" 


come to is. 25, 3o N. 


Tos. c. lat. come to 64.30 9.955414 
New 


having the complement latitude conf to equal 20 and the 
diſtance on the arch of a ä rer 
and the angle of poſition equal 37 ,14 from whence we find the com- 
t 


$0 Br.. half £ p pe.7 23 10, 73549 


Tothe harz 4 79 66 $0,735470 ch 
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4 co, ar, | Hence the difierence of 
As 8, half Z fides 55 ,37+ 0,083400 | longitude is 50 ,03 weſt. 

Is to 3. half x fides 3,43 g,i88512] 
So T. e, ha, 2 poſi, 71 ,23 10,472549 


Az 3s. xt of $O ,03 

e 46 9.552234 

So iss, £ of Poſition 37 . 14 9,78 
” — —— 


Tos, e. lat. depar, 35 ,05 9.781459 


—_— 2 * 


— N : & 8 1 : — 


. The Doctrine of the Sphere, applied in ſundry 
Aſtronomical Problems, uſeful in Navigation. 


wy 
1 


* * 
, 
, . 


* 


1 


| 


+ 
. 
411 


FT 


5 


n 26g 


—— Een of Arie and 


Ae ee of the ecliptic) there with of 23. 30. 2 
ſen ted by A K. This ciecle is — cqual parts — 
ſigns, each containing 30, oo. whole names is as, followeth. 


Aas Cincss | Linna 


the dla wo 


Carnicornus 
Scoryrto © Aquarius 
Gemini Vine. SaciTarius Pracss 


called northers Lyns. _ called ſouthern ſigns, 


6th, The zodiac is. a zone or girdle, havi degrees of lati- 
tude on each fide of the ecliptic, in which N make their 


revolutions, being divided and diſtinguiſhed by the twelve figns. 


th. The poles IST zo diftant 
ICT 3 * 


Tavrvus LI 


Sch. W paſing through both poles of 


the world, and eroſſeth or cutteth the equinoxial at angles, 25 
PAL and PML. * 


th. The Colures are two meridians, the ial and 
ecliptic cacd into four equal mitts, Bldg 1 ces 
noxial points Aries and Libra, and is called the equinorial Colure, as 
| PAL, the other the beginning of Cancer and capricon, called the 
Solftral Colure; * 


* 10th, The fan's mavidion, is that meridian which paſeth by the 
ſun's center; 1”... Deeper 1 | 
center ot middle af that ſtar. 


* 


11th. The horizon is a great circle of go degree diſtant from the 
zenith and nadir, age ans deere none 


the world into to equal parts, 
the lower and ini hemiſphere, hs circles rexreſeated 1 
be eee ee eppedte. 


points diamerrically 
and are the poles of the horizon, the zenith is the vertigal point, or the 
pou ——_— — 3 on — 


* 


ich. The Azimuths. br vietical clocks, are great circles, cun- 
_ Gurrin A 2 
the horizon at right angles, ns ZCN and ZAN, 


4th, The prime verjical, iochatzalmenk ciacls which through 
c Z AN. "Ms 
_ 


| the tropic of cancer. 
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The meridian of that meridian which paſlach 
ee ene zz by S2PBNLS” 


Sch. Circles of longitude circles, and interſeRting each 
a Oar YL and KXL. 


Ne lefſer Circles defined. 
Leſſer or ſmall circles are thoſe which divide the ſphere into twy un- 


and are drawn parallel to ſome circle, and therefore 
— ——— rp —— feng Bi viz, parallels of de- 


— — of ahitade, 
14. Parallels of declination, are ſmall circles parallel to the . 


noxial, imagined every degree and minute of the 
ridian, between FY acd ela le of the ward ts — 
It. and capricorn 55. | 


2d. The trapics are two parallels of 23 ,29 diftant from the 
noxial, limiting the ſun's — _— 


. The north tropic Ln the beginning of Cancar, and is called 


r b ali done- 
pric of capricorn. 


The circles are ä f 
. .. 530 from each pole of the world. | 


Sch. 82228 the north pole, is called the artic 
circle, as KNO, and the the antartic circle repreſented by Lr, 


Sc, Almicanters or — fall cles parallel 
to the horizon, imagi TE a 
— Leek zenith, as at, 


Theſe definitions being well us dere and confdered duly, make 
way for the following problems. | 


Spherical Trigenometry, applied it a great variety 8 
x yy gy ALL | 


The day of the month gon ws fd hs ford pics ln he gs 


n Uns 41 Navicaros 2635 
Keeping in mind the day on which the ſun enters 


Aries, March 22d. 
Taurus, April 20th. 
Gemini, Muy 21ſt. 
Cancer, June 22d. 
Leo, jay 23d. 
Vigo, Auguſt * 


If at the day given the ſun be i proper 
fubiira& the 1 — of x ke gies 


multiply the remainder into 50 m. & fec. 12 thirds. I 
&c. y ly moron the Are in cardey, tas 

m common ſo you have the 

ther man.'d fg We hs is in. * e 


 Rxample 24. september 26th, 17 the 
| 22 — fun's place in 


, 3Owmt . In 
ky = an * 


| $963 
9 
— | MalGply bythe rare, of 28 tat i 
6 253 56 N and 4, andthe 27d, 4 
* noe is 27d, 35m, 44 fee, 
27,3544 "A 


— . he nu inal in, 


A General E 
Mn PFuſt 
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Firſt 


» dries, Taurut, Third „ Libra, Scorpia. e 
G, » I Quarter , | | | it _— __— . 
Second Quarter, Cancer, Leo, Fourth Quarter, Capricorn, 4. 
Verge. quarins, Piſces, | 


While the fan is is the firſt and laſt quadrants, Aricr is the nearef 
equinoxia! point, and in the io middle quadrants, Libra is the 
equinoxial poiat. 


- 


Problem 2d, The fun's greateſt meridian altitude taken at noon on 
the longeſt and ſharteſt day of the year at London given, to find the 
ſun's greateſt declination and latitude of the place. | 


Remains diſtant tropics 47 ,30 | cember 22d, thei 
Nema "ow 47 33 h> > Tlie Gale nt. 
Half is ſun's greateſt decli. 23, zo | tance. 
The fun's zenith dift, 28 0 From ſun's ſum diſtance 75 50 
Add ſun's declination 23 ,30 | Subſtract ſun's declination 23 ,30 
Sum is latitude north 31.32 | Remains latitude north 51 ,33 
Problem 3d. The ſun's in the ecliptic and his greateſt de- 
3 ITA 


3d, Declination is an arch of the meridian, contained between the 
ſun or ſtar's center, and the equinoxial M S. 


K 


nee 


eee 


"x 


» Fed 


fon and preſent declination. 
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th, „ an arch of the ſoſtĩtĩal colure, 
2 — 
2 K Cancer, and Q Capricorn. 


Example. The ſun in — I demand his right aſcen- | 


[ the right angled peri rigle A MC. 


"oft, AMC, is the right angle. th. MAC, The RY greateſt 
2d. AC, the ſun's right aſcen- declination. 

Gon from the next equinoxial Sch. MC, The ſun's TO 
zd. AM, the ſun's right declination. 


7 ton from the fame point. 


Note, the ſun being in Aries, Taurus, Gomini, Capricorn, Aquarius, 
Piſccr, the neareſt X point, is Aries; and being in Cancer, Leo, 
Virgo, Libra, Scorpio, Sagitarius, the neareſt equinoxial — 


The Stereographical Frejaction. 


_ the prĩmĩtive circle with a chord of 60, and r ie 
2 dioweters or right circles, as SAB and ZAQ, make thr an — 
As 30, which in the problem, is repreſented by rhe diſtance 
between the tropic and n on the ecliptic A 69, make A C 
Tec. 52, zo, from the ſcale of half tangents, 2 * points, 
deſcribe a circle, * which com NOS 

— whoa 


To meaſure the things | | Take the exient of the AB, 
in your compaſſes, LS — 


1 ,46. 2d, Reduce M e to the premitive circle, by its pole x, that is, 
K. x, aad the angular puint c, cuts the tive circle in 


* 


e, then e meaſured on the ſcale of chords is 18,54 the fun's preſent” 


declination. OEl. 
Trigewmetrical Praia. 
To nd the fun's right Aſcenfion, {by 
As Radius 90 ,00 10, 
I toS. c. ſan's dedlination 66,30 9,962353 
So is T, tun's ſt. equinoxzal point 54,15 10,142730- 
To T. Sun's Right Aſcenſion 51,52 0, 103968 
| Note, this finds the fan's right aſcenſion only when he is in the fr 
rterof the that is in Aries, Taurus, Gemini, but when 


be ſun is in the . 
Mmz N be 
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be ſubſtracted from 180, oo; but wen the tun is in the third quarter, 

vis Libra, Scorpio, and Sagitarius, it mu be added to 180, oo; and 
in the laſt quarter, viz Capricoro, Aquarius, Piſces, it muſt be tub. 
tracted from 360,00 ; ard to yc u bave the ſun's right aicenfion from 
Aries, for any place in the ecliptic defied, 


| To find the fun's preſent declination. 

As Radius 90 ,00 10. | 

Is to s. ſun's Gr. declination 20, 30 g. Coo? gg. Anfeer, 
80 is S. ſun's place 54115 9,cogzzs Son's K. Aſe 51,52 
— Sun's P. dec. 18,57 

To S. fun's P. Deel. 18 252 9.510027 

2d. The ſun being in 3 oz of Leo; required to find the 

ſan's ri erer | 


To find the ſun's right Aſcenſion, | To find the the ſun's preſent de- 
-1BAation. 
As Radius co, oo As Radius 


Is tos.ſun's de. from itseq. p.6c, 0 Is to s. ſun's 
So 1s Tan, ſun's long. 57 ,25 | So is s ſun's long. 
To tan. ſun's Rig. Aſc. 55 ui | Tos. ſun's pr. decl 


— . ,49 the fun" right aſcenfon from 
Sri, and the fan's * r e — 


Problem 5th. The fan's right aſcenficn. being given, to find the 
| SOVERICE, or pines in the oxtignie, and prefrnrdeatiancien, 
- Example. the ſun's right aſceufior. be 128 19; I demand 
D Os pb nbd xs bs 
In theright angled ſpheric triangle A M c, here is one and is 
2 giver, vin. the leg A M. equal 51 ,51 and. fra's 
right » {ubſtrated from 150 ,co degrees, and the C4anM 
equal 23. 30, to find his place in the eclipric, and preſent declinauon. 


r ic projection. ſee the laſt blem) I here 1n- 
_ tended to preſent _ ——_—— , = 


As Radius 
Is to ſun's ri 
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Is to s. c. ſun's gr. decl. 66 ,31 
80 is T. e ſun's Right aſ. 38 ,19 


To T. c fan's place 35 »46 


 Whenee the fev's place from 


Libra, is 54.14, fubſtrat one 


Vigo via. the no pln tag ooG, 


Pr: blem 5th. The fan's 


ton given 0 fan his place il the ecliuc, and th righeaernin 


Example. 
ar of Aries, 


To find the ſun's right aſcenfion. 
As T. Sun's greateſt dech. 23 2 
E to T. Radus 45 ,00 
- | dec. 16 ,29 
To S. ſun's right 43 »27 


the ſun's declination be 16 , 39 ſouth, decr-afing, 
I 


By Trignnmetrical Calculation 


ecl! 


To find the fin's place in the © wa Fright afcenfion, | 
| ptic. the ſun's place 
As ſun's gr. declination 2: .3zo f Extend from s. 2: ,30 to 8. 90,00 


Is to Radius gO ,00 


So is 8. fan's preſent deel. 16,39 | will yu 5,4" 56 he ſun's place in 
45 »50 | ecliptic as required. 


'Tos. ſun's place ac. 


Again 50 ,00= 15 , 
peu ofa Lu br 


From 
Subſitract 


Remains 


But this being his longitude rants 
ſen's declination % CI . 


14 ,04, where the * 
—— 


e 
4327 


* K 


Extend from F. 45 00 to tan, 
dead cage 


2 


Fo: 


that extent from s. 16 ,z0 


then 47 2 
Place i is in 


13 8 


Son's place 5 
| 31 »33 


Sun's akenfien | 


Problem | 


E 


= 
making s a » the horizon, and Z A N equal the prime vertical with A 


/ 
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Problem 6th, The latitude of a place and the fan's declination 
given to find his amplitude and aſcenfional difference, | 

' Dibaition 1, Latitude of 2 place, or latitude upon the earth 18 
an arch of the meridian of that place contaĩued between the zenith 


. and equinomal, as Z E, equal thereunto, is the height of me pole 


above the horizon B P, in the following figure. 
24, Amplitude, is an arch of the horizons contained between the 


ecliptic and equinoxial, and ſheweth how far the fun. or ſtar, riſeth or 
eth from the eaſt or weſt points, as AR, 


3d, Aſcenſional difference, is the difference between the right aſ- 
ecnſion,or oblique aſcenſion, or deſcenſion, or it is an arch of the equi- 
noxial, contained between the axis of the world, and that meridian 


which paſſeth by the ſun or ſtars center, or it is the point of the eclip- 
decenfion. | : 


tic, in their aſcenſion or 


Ach. Oblique aſcenſion, is an arch of the equinoxial, contained be- 
tween tlie ing of Taurus and that part the equin-xi2] tht riſeth 
with the center of the ſun oc ſtar, or with any part of the ecliptic, in 
an oblique ſphere, | 


«th, 


is an arch of the equinoxial, contained. 


| between the beginning of Aries, and that point of the equinoxial, | 


that ſetteth with the center of the ſun or ſtar, or with any part of the 
ecliptic in an oblique ſphere, = 


Example, In the latitude 54, 20 N, the ſun's declination 18, 55 N, 
the fan's amplitude and aſcenti al difference, as required. 


premitive circle being deſcribed and quarter as before directed, 
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, aft, P B R the right angles. 
ad, PB the lata or height of the pole, above the horizon, 
34. P K tac complement of fun's declinanon, 
4th. IR the complement of bis awplatude. 
$h, U Þ R the cumplement of bis aſcenkonal diFerence. 


To node the chings required, TakeBR in your compaitez and 
meatu:* it on the ſcale of half tangents from 90, oo, backwards, ac- 
counting do to be 10, 70 to be 20, &c. you will find 56 ,16, the com- 


plemen: of ſun's amplitude, . 33-44 
the ſun's amplitude required. 


Since the polcs of both gde are in one diameter, find the 
— — is Xx, then a x meaſured on the 


of half tangents ſhews the angle B R equal 25 1 the ſun's 
——__ : * 


35 40 9s 
90 ,00 | 
18,55 


| — — 
To 8, ſun's true amp, 33 ,44 9.745083 | true 
To dad che afcenfional difference, © | 
As T. Radius 45 ,o 10, 


Is to Tan, latitude 54,20 1e, 144062 
So is tan, declination 18 55 9,8534916 


Tos, — — 28 31 9.578978 


So is s, ſun's decl, 


given to find the ehlique alrrakas or deftenten, 


The general Rule, 


iſt, Find the right aſcention by ike thind Problem, where you « have 
| the greateſt and 8 given top find the fan's place and 
Tight aſceafion, and aſcen ſional difference oy the laſt problem, 


2d, When ve nd and decor bck nar or uk Got 
the aſcentional difference found, as aforeſaid, added to and 

from the tun's right aſenfion, the firſt is the oblique deen gon. the laſt 
2 
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Problem 7th, The latirnde of a place, and the fan's declination 


When 


The Unryznsa L. NAvIe Are; 


The goieral Rake. 
Aft. Find the the aſcenfional difference by the laſt problem, 
reduced into —— inet 2 


from 6 haurs, ho erin ng, 
j and the other ſun ſetting. 
north or 


are both 
od fix, bat if one be 
then riſes alter fix, and ſet before 


1 00 for four min. __ | 


Cc 
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2d. If you double both the time of ſetting and riſing ; the firſt is 
the length of the day, the latter the length of the night. 


Example rt. In the latitude 54 20 N. the ſun having north decli- 
nation 22,7; Required the ſan's amplitude, aſcenſional difference, 
together with the ſun's riſing and „„ and * of the day 
and night. 


To rigentmerrical Proportions. 
To find the ſun's amplitude and aſſenſional difference. 
As s c. latitude 35 40 As tangent Radius 45 00 
Is to Radius 90 , [ls to t latitude 54 »20 


So is s. ſun's declina. 22 ,37 So is T. fun's declination 22 ,37 
To s. ſun's amplitude 4118 |} Tos, fan's aſcen, diſt. 35 29 


The aſſen ſioual difference turned time as follows. | 
zo deg. is two hours g That is two hours, twenty-two 
of time 


5 deg. is 20 minutes minutes, the aſſenſional difference 

3691 in time as required. | 
1 To find the length of che day and night. rad 

To 6h- oo m.] Then 8 h. 22 m. x 2 equal 
Add 8 16 b. 24 m. length of the day, 

Sun Rifing 1 zh. 38 m. X 2 equal 

: | nh. 260% lng of nigh, as 

Sun ſetting 3 38 reg 


Problem gth, The latitude of a place, and fun's akenfional dib 
3 to find. his declination and amplitude. 


Example iſt. In the latitude n the ſun riſeth A en 
c amplitude. 


From h. oo min, } | 
Subſtract 3 38 4 
— ; / T” igonometrica 4 | Proportions | 
Remains 2 22 Af, Diff, | n 
X by ratio 5 of 15 | 4s Radius ge ,00 10,000000 


80 i; T. C. latitude 35 4 9.855958 
To T. ſun's declina, 22 37 9,6798992 


NA | To 


Is to s. ſun's aſc, diff. 35 ,30 99703954 Z 


— 
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To find the Sun's Amplitude. 
As s, Latitude $4 ,20 | ,cog732 
Is to Radius 9o ,CO OS 
So is tangent aſcenſional difference 35 „30 6,3853268 
To tangent amplitude MM ob9 9,94 2496 
Avithmetically — and Toxgents, 
N. S. 35 7 5807 For the ſun's amplitude. 
N. 8, 35 „40 is equal 7177. N. 8, 54,20 equal „8 124 


. 4730 nal 21,402 
Radius 1. Then 1: .5$07 : : * 
E $4 yp VIZ. . — Xx 717 equal Then 1:,8 124: : 1,402 : 1,1 399 


»4167 &c. the natural tangent of | hence the N T. 1,1 329 equal 
22 ,37 the fun's — 2 48,43 the comp noted, and 
qured. \|" - | the 


41 ,I7- 
Arithmetically by Scale and Compaſſes. 
For the ſun's declinarion, | 


Extend from $, 90,00 s, 35 230 Extend from s, latitude 84, 90, 
the aſcenſional difference, that ex- | to s. go , oo, that extent laid from 
tent laid from the tangent 35 540 Tangent 35 970, the aſcenſional 
(the comp. latitude) will give give Tangent 
 _— 22 337» the ſun's decli- $A — amplitude re- 

quired, 


By Manztins Sliding Rule, 


A To find the ſun's declination. 
* Set s. o, oo on the ſlider to s. 35 ,30 (the aſc. diff.) on the rule, 


then againſt tangent 35 50 lat,) on the flider, will have 
tangent 22 ,37 on the the Rule, g 's dechnation. PE 


To find the ſun's nts tothe wats 


Set s. 54 ,20 on the ſlider, to s. 90, oo on the rule, then againſt 
T. 35, 30 (che aſcen, dig.) on the flider, you will have tangent 41 17 
on the rule, the ſun's awplitude required, 


To find the ſun's amplitude. 


Problem loch, The latitude of 2 „and the ſan's ampli 
TW 


Example. In the latitude 54 ,20 N. the fan's amplitude being 
41 17 N. Requĩred the ſun's declination and afcenfonal difference ? 


To 


The UNIVERSAL NAVIGATOR. 275 


Trigmometrical Proportions. 


e For the ſun's aſe en. difference, 

| As T. c. ampli. 48 ,43 10,0565 
As Radius 90 ,oo | Is to , latitude 84, 9,9099 
Is to s, c. latitude 35 ,qo | 80 is Radius go , 10,00 
So is s. ſun's amp. 41 ,17 — 


To the s. ſun's deel. 22 ,37 | To T. afc, differ. 35,49 9.8532 


Or thus | | 

As s. latitude 54 ,20 9,90918 90, 00 
Is to Radius 90 , 0 10, ooo 54 0 
So is T. C, amp, 40,43 10, 0565 41 „17 

, | 35 47 
To T. C, aſcen, diff, 54 30 10, 14572 ; 
Inflrumentally by Scale and Compaſſes, 
To 6nd the ſun's declination, 

Extend from s, 90. 00 to s, 35 40, the complement latitude, 
extent applied Ge He fame way from s, 41 17 (the furs 1 
give 8, 22, 37 the ſun's declination required, 

| To find the ſunꝰs aſcenſional difference, | 
ame way frm F. 447 Fa the tc, Gay 3 
41.217 — geln, * * 
2 —— a 


By ManTin's Sliding Rule, 


Bets. go foo on ihe flider to 5, 35 -40 on the rule, then A2 . 
41 „1% on the ſlide yon will have Ss, 22 ,37 en the rule, the de- 
clination required, 


Again to find the ſun's aſcenfional difference. 
———— ———— 
41 ,17 the am on 
on hounds, che few — — iel. * * 


Problem 11th, The fu's declination and amplitude being given, to 
*** 


litude N defire — of fie — 2 
p 41 „ » to 
— ED — 


. ris 
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Tripenametrical Proportions, 


To find the latitude of the place, 


As T ſun's amp, 41 ,17 9,119401 | 


Isto s, ſun's dech, 22,37 9,5384959 
So is Radius 90, 10,0 


To s, c, latitude 35 ,39 9,765 568 
To find the aſcen ficnal difference 


1 


Inſtrumentally 


Extend from s, 41, 17 10 
8, 22 , 37, that extent laid 
from 8, 90, oo gives s, 38 , 
the cumplement latitude 


; 


As 3, c. declination 67 ,23 9.065248 
L to Radius 


80 i 5, c, amp, 48,43 6, 875904 
Tos, e, aſcen, diff, 54 , 30 9,9106566 


90 ,00 


1 0,000000 | 


Again extend froms, 67, 23 
(the c. ſun's declination) to 
8, 90 , oo that extent applied 
from 8, 48 ,43 gives s. 54, 30 
the comp, aſcenſional diffe 

| TENCE req 


54 ,20 N, 


35 30 * — 


Problem 12th, the ſun'sdeclination, and aſcenſional difference given, 
to find the latitude of the place and the ſun's amplitude. 


Example, 
riſeth 2 hours 22 minutes before 
and the ſun's amplitude? 
* 


Suppoſe the ſun's declination be 22.38 and the ſan 
fix ; required the latitude of the place 


- Sun's aſcenſional difference in degrees of the ecliptic is 
35. zo, then the complement of the aſcenſional difference 


- | 6 is equal 54 ,30. | 
. | _ . Trigonometric 6 ical Proportions: | 
- To find the latitude of the place | Infirumentally by feale and 


As Radius go .oo 10,000000 
Isto s. 
Sous T. c. dec, 67 ,23 10, 380279 


To v. lat. 4, 10,144233 


To find the ſun's amplitude, | 


As Radius, 90 ,oo 10,007000 | 
I to s. c. ſun de. 67,23 0,965 248 
So is s, c. af. dif. 54, 30 9,9 0686 


Tos. c, amp. 48,43 9.875934 


from 9o ,00 


aſc. diff. 35 ,30 9, 63954 


Compaſſes, 

Extend from s. 90,00 to s, 
35 ,38 the aſcenſional difference, 
that extent laid from tang. 67,23 
the ſun's declination, will give 
1. 54 ,20 the latitude required. 


To find the ſun's amplitude. 


Extend from s, 9o ,0o tos. 67,23 
| the comp. declination, that extent 
laid from s, 54,30 (co. aſcen, 
difference will give s. 48 ,43 (the 


| | com. amp.) hence ſun's amp, is 


' Remains 41 17 ſun's amp. 


41 ,17 E. N, as was required. 
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By Mr. Makrix's Siding Rule. 


Firſt, for the latitude, Set s. go, oo on the ſl der, to s. 35 , 30 on 
the rule; then again: A tangent 6, 23 on Hider, you will have tangent 
54 429 on the rue, the latitude — 


For me ſun " Diplitade. Set s. qo , oo on the ſl' der tos. 6 25 on 
the ric, ten init s, 54,0 on the ſlider you will have 8. 43 ,43 
on the rule, the complement of the ſun's amplitude; heuce the ſun's 
— is equal 4t , 17 E. northerly, as was required. 


Problem 1 zin. The he's amplitude and aſcenfi:nal differerce be- 
ing given, to and the latuude of the place and the ſun's declination, 


Example. Suppoſe the ſun's amp! :iriude be 4 1 E. northerly, 
and the aſcenſional difference equ:.1 35, 39 25 before in the laſt prob- 
lem; Required tae latitude of the place — iun's declination. 


Trigmometrical Rene | 


— 


To find the latitude of the place, | To find the ſan's declination 


wy 
As T. c. aſc, dif. 44 430 10,1467 32 As 8. *, aſcen. diff 54930 
Is to r. c. amp. 43.43 10,056c02 | Is to s. c. amplitude 48 ,43 
So is Radius 9 ,00 1c,000000 | So is Radius 95 , % 
| 3 — Tos. ſun's dec. 65 „23 
To the s. latitude 54 10 9,9070 Then c0,00— 67,23 equal 
e 122 v 


| Inflrumentally by ſcale and compailes, 


——— 


Extend * tangent T 5 25 to tangent 43 ,43, that extent laid - 
the ſame way from s. 90. o vil give s. 5, 20 the latitude required. 


Again, Extend from s. 54, zo the aſcen ſional difference, to s, 48.43 
the com. amplitude, that extent laid from s. go. go the ſame way will 
give s. 67 . 23 the com. declination, hence the ſun's declination is 


22 437 N, r 
By MarTiN's Shding Rule. 
Set tangent 54, 30 on the ſlider to tangent 43 ,43 on the REFS 


then again ſt s. 90. 00 on the flider you will have s. 54 »20 on the 
rule, the latitude of the Fw required, 


To find the declination. Set s. 54 ,39 on the Alder to 5, 4 43 
en the rule; then againſt s, 90, oo on the ſlider you will have s, 67,23 
OA 
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on the rule, the comp. declination ; hence co ,00 — 67, 23 equal 
22 .37, the ſun's declination required, 


Arithmetically by Natural Sines and Tangents, 
N. Tang. 24. zo is equal 1.4o2 | To find the ſun's declination, 


N. Tang. 48 ,43 is equal 1,139 | N. S. 54, 30 equal ,8:41 N. S. 


48 ,43 equal. 7515 Rad, 1. Then 

Radius equal 1. Then will | 7816 X2 

. 1,139X 1 $141 : 7515: : "a 

_ 1,402 | equal ,9231, the N. 8, of 67 23, 

equal „8 124 the N. S. of 54 .20 | the co, declination, then will 

the latitude required. 90 00 — 67-23 equal 22 ,37 the 
declination, 


ſun's 


Problem 14th. The latitude of 2 place and the fan's declination 
being given, to find the ſun's altitude and azimuth at the hour of fix. 


Diffinition 1ſt, Altitude is an arch of azimouth circle, contained 
between the horizon and a parallel of altitude, as b f. un the figure. 


ad. Azimuth is an arch of the horizon, contained between the me- 
ridian of the place and any azimuth circle, or contained betwcen the 


poli vertich —— circle, a b. in the projection. 


iſt, In the latitude 31, 32 N. and ſun” s declination 23. 29 
uired his altitude and azimuth at the hour of fix in the 
morning; Not at fix o'clock the ſun is upon the axis Þ A 1. 


T 
5th. A Mis Azimuth from . Mien en 


from the Weſt at fixin 25d and 


ſoutherly in ſouth latitude, 


The Sterengraphical Fg. PI. IV, Fig, 182 
Having drawn the circle, and 


premitive 
meters, making S A B the horizon, and Z AN, che prime vertical. 


_ 2d. Lay the latitude 1 ,32 from B to P, nom T to E, and 
forms the 


3d. 


FA bequal 51 732. 


4 it with two dia- 


ai Po #*#® «+ 


ry 


the azimuth A 5, meaſured on the 
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zd. Lay the chord of 23, 20 the declination, from AZ to c., and 
from Q to 4, then with the tangent of 66, 30 draw the parallel 
circle e f d- | 

«th, Then through the three points Z f and N, deſcribe the obliqre 
circle which cuts che horizon in & and the point /, on the axis PA L., 


and it js done. 


The requiſits are meaſured 


tangents, ſhews 15. 07. then 
find the poles of the two containing tides, and reduce the pule of the 


oblique circle, to the primitive circle, which is v, then Bu, meaſured on 


circle the ſcale of chords, ſhews 18 ,11 the ſun's alutude required, 
Trigonometrical Proportions. 
To find the ſun's Altitude. | Inſtrumentally, 


As Radia 90 , 00 10,000000 
Is tos. ſun's dec, 23 ,29 9,6c604c9} Extend from s, 90, oo to s, 


So is s. latitude 51,32 9,893745 | 23.29, chat extent applied rhe 


| ſame way from 3. 51 .32, will 
To s. ſun's alti, 18,11 9,494154 | give s, 1g ,t1 the ſun's al. 
To find the ſan's azimuth. Again, extend from 3, 90, oo 


As Radius 90 , 0 10,000c00 | to s, 38 „28, that extent 


Isros, c. lat, 38,28 9, 793832 laid the fame way from tan- 

So is T. ſun's dec. 23 ,29 9,637956 | gent 23 ,29, will give tan- 

nt 15 ,07 the ſun's azimuth 
eaſt or weſt, | 


Problem 14th, The latitude of the place and ſun's altitude at the 
heur of fix being given, to find his declination and azimuth, | 


To tan. azimath 15 ,07 9,431/g8 | 


xample, In the latitude 54, 10 N, the ſun's altitude at the hour 


2 15 ,02; Required the ſun's declination and azimuth at the 


time, 
The ſtereogr 


ts the data and Quefita of this queſtion. 


— Projertions, - 
| Inftrumentally by ſcale and 


altas, 
Extend from s, 54,10 to 
| $, 90 00, that extent laid the 

fame way from s. 15 , 02 will 
To s. ſun's dec. 18,49 0, 505065 | give 5, 18, 40 ſun's declina. 


To 


by the foregoing problems for 


aphical projection is omitted, by reaſon the laft figure 


* — — —— — r — 2 — 


* 
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To find the ſun's azimuth. | For the ſun's azimuth, 


As Radfus 45,00 10, | Extend from tangent 45, O0 to 
Fs tt T c. lat, 28 . 50 9, 838% | ran, 35 .59, that extent laid the 
$:isT, ſan's al, 15 ,o2 9,4:9062 | ſame way from tan. 15 c, will 

— TO give a 4th tan, againſt which en 
the fl:de will give 11.11 the ſun s 


Tos, ſun az, at ſix 11, 17 9,297664 
| | azimuth required, 


By MazaTin's ſliding Rule. 


Set s, 54 ,10 on the ſlide to s, go ,oo on the rule, tken againf 8. 
15 ,02 on the ſlider, you will have 18 ,40 oa the rule, the iun's de- 
C.ination required. 

To find the ſun's azimuth. 
Set tangent 45 ,00 on the flider, to tangent 25 ,50 on the rule; 
n again't tangent 15 , oz on the ſlider, you will have a 4th tangent 


on the rule; againit which on the line of fines, you will have 11% 
the ſun's azimuth frum the eaſt, as was required. 


Problem 15th. the latĩtude of the place and the ſun's azimuth at the 
hour of fix being given, to find the fun's declination and altitude. 


5 Example, In the Jatitade 54. io N, the ſun's azimuth being 1 3-42, Ni 
It is required to find his declination and altitude at the hour ot fix, 14 


See the prejection in the 13th problem, wherein we have one leg 

and its adjacent angle given, that is the leg A b equal 13, 42, the 

fun's azimuth, and the angle b A f, 54,10, the latitude of the place 
to find the declination and altitude. OD 


4 


—— Proportions, 


To find the ſan's declination. [ 
| As Radius 90, oo 10, | 
| E to s, c. latitude 35 50 _ 9,767475 
I So is T. c, azimuth 76 .18 10, 614013 


To, ſun's decl. 67. 23 10, 380488] Extend from s, 35,50 |} | 
1 ; Ito s, go 00, that extent 
Or, As s. c, latitude 35, 50 9, 67475 laid the ſame way from 
Es to Radius 90, 10, tangent 13,42 will gi ve 
So 15 tangent azimuth 13. 42 9, 386987 tangent 22.37, the ſun s 
u eine nation required, | 


To the tangent decl. 22,37 9,619512 | | | 
| 0 Te 


fix being given, tofind his laticude and altitude. 
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To find the ſun's altitude at the By ſeale and Compaſſes. 
hour of fax, Mi | 

As Radius 90 ,00 10, Extend fram s, 90 , oo to aui 
I: to s, az. 13,42 9.3342 | muth, equal 13,42, that extent 
So is T. lat. 54,19 10,141335 | apphed the fame way trom, tan- 
| gent lat itude . d will gire 

. al. ent 19 by I 
i | 19.99 9515850 | ein On 


Problem th. The ſun's declination and —— 
to find the latitude of the place, and the ſun's azimuth at fix. 


Example. Suppe ſe the fun's declination be 22,37 N. and the ſun's | 
altitude at the hour of fx equal 13 2 „ 
the place and the fun's azimuth. 


nennen 


To find the Latitude of the Place Infirumentally ſcale 
As s. ſun's dech. 22.37 6, 584969 and C 

Is to Radius go ,00 10,000000 | Extend from s, 22 ,37 
So iss. ſun's altitude 18,09 9.493466 to 8, 90, that extent laid 
the ſame way from 8. 18,09 
To the s. latitude 54, 06 9.908497 | will give 5. 54 ,06 the la- 


| titude required. 

[Jp + 3 I 
As 8. c. ſun's altit 17 ,51 9,9077835 — 
Is to Radius 90, 10, 0 Extend from 8. 71,51 
Sois 8. c. ſun's deli. 67 ,23 9,905248 to 8. 90 ,00, that extent 


ey 
To s. e. ſun's 22 76516 9.687413 | 67 ,23, will gwes. 76 ,16 
Subſtract from 90 ,00 * 3 which Aru, ov go ,00 
— 5 rem. 13 44, the ſun's az. 
Rem, ſun's azimuth 13,44] Required. | required, 


By MazT1n's Sliding Rule, 


To find the latitude, Set . 22 ,37 on the flider to 5,90 ,00 on the | 
rule; then againſt s. 18 ,09 on che {lider you will have s. 54 ,06 on 
the rule, the latitude - And to find the ſun's azimurh, ſet 
S 71,51 on the ſlider to 5. ge , o on the rule, then 2 
on the ſlider you will have s. 75 .16 on the rule, 
90 ,00 remains 13 , 44. the ſun's azimuth, | 


| 3, 67 ,23 
ſubtract from 


/ 


Problem 18th, The fun's deelination and ama ar the hour of 


Oo Example, 


282 


aimuth at the hour of fix equal 13, 4 E, ſoutherly; Required the 


| Is to Radius x2 10,000000 | to s. go , oo that 


ag2inft tangent 67, 23 on the ſlider you will have 
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Example. Suppcie the ſun's declination be 22 ,3- N, and the ſun's 


latitude of the place and the ſun's altitude. 


To find the latitude of the place. ] Iaſtrumentally by ſeale 
As nt Radius 45 ,00 10,000000 and compaſſes. 


Is to r, ſun's azimuth 13 ,44 9,3880841] Extend from t. 45 ,oo 
80 is r. c, ſun's decli. 67 ,23 10,380279 | to tangent 1 3 ,44, that ex- 


tent laid frem tan, 67 ,23 
Tos, c latitude 35 ,55 9,768363 | givesa 4th tangent, againſt 


Subatact from 90 ,0 which on the fines is 35.55 
3 — a the co. lat. hence the la- 
The latitude 54 ,08 N. required. _ | titudels 54.05. 


To find the ſun's altitude. | To find che Altitude. 

As 8, c. ſun's az, 76,16 9, 997403] Extend from s, 76,16 

extent 

67,23 9,9652568 laid from s. 67,2; will 

give s. 71 51 the comple- 

To s. c, ſun's alti. 71,51 9g.g7-$15 | ment of the ſun's altitude, 

Whieb ſubſtracted from 9go,co rt maius | hence the ſun's alt. is 18,09 
13 ,o9 the ſun's azimuth required, | as was required. 


So is s c. ſun's 


By MaxTin's Hiding Rule, 


To find the Latitude. 
Set tangent 45 ,-o on the ſlider to tangent 13 44 on the rule, then 


2 tangent on 
the rule, againſt which on the fines you will have s. 35 55, whoſe com- 


plement to 90, oo is 54, oz the lati;ude required. 


4 Then to find the ſun's Altitude, 
Set s. 76 ,16 on the ſlider to s. o, oo on the rule, then againſt 


8. 67 ,23 cn the flider you will have 5. 71 ,51 on the rule, the comple- 


ment of 18, og the ſun's alticude required. 


Problem 19th. The ſun's azimuth and altitude at the hour of fix 
being given, to find the latitude of the place and the ſun's decli- 
Ration. 


Example. Suppoſe the ſun's azimuth be 13,44 W. ſoutherly, and 
his altituce at the hour of fix is 18 ,; Required the latitude of the 


place and ſun's declination, 


Tris 


e 


A 


d 


7. 


80 is 5, c, altitude 71,51 9,97 757 
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Trigenometrical Proportions, 
To find the latitude of the place. 

As Radius | go ,00 _  15,000000 
Is to s. ſun's az. 13 ,44 Q, 355437 
So is r. c. altitude e | 10,484.59 
To r, c, latitude 35754 | 9,395 


Hence the jatitude is 32 „04, 


To find the ſun's declination, Inſtrumentally by ſcale as 

As Radizs 90. 10, 0 |, Compaſſes, To had the 
Is to 5, c. azimuth 76 ,16 9,937 493 | latitude cf the place. 
Extend from s. 90, oo to 
— — J 13 „44 the ſun's azimuth; 

To s, e, declination 67 ,23 9,963278 | that extent laid fr mr, 71,51 
ad oth: | the com. ſun's alt. will give 
Then go, oo — 67 ,23 equal 22 ,37 | tan, 35 ,54 the cm, latitu ie 
the ſun's declination required, dence the latitude 18 54.06 N. 


| 


( 
For the ſun's declination, 


Extend from 8,90 ,00 to s, 76 ,16, that extent laid the ſame way 
from s, 71 ,5« the complement altitude, will give s, G7 23 the com- 
declination, Hence the declination is 22.37 N, as required, 


By Mr. Ma RTIN'S Sliding Rule, 


* 


Set s, oo — Bic we. 13,44 the ſun's 2zimuth on the rule; 1 


then againſt tangent 71 A the complement a/tizuie, on the flider | 
you will have tangent 35 ,54 on the rule, — 


quired, The lane s bard equal 54 206, 


| For the ſun's declination, 

Set s, 90, oo on the ſlider to s, 76 ,16 on the ruly then againſt 
71 ,51 on the ſlide, you will have s. 67 ,23 on the rule, comp. decli- 
nation; hence the declination is 22 ,37 N. as zequired. 


Problem 2oth, The latitude of the place and the ſun's declination 
r hour of the day which is due 


_ eait or weft, 


Exam 


| Ae 54,10 N, the ſun's declination being 
» Required the ſan's — PET TIIS 
5s due eaſt or d due weſt, 


Note, When the ſun i either eafl welt, he is then as 
vertical Z AN, 8 ** pins 


Ooz | Ia 


ie. ſun's declina. 
So is Radius 


To s. ſun's altiude 


In the 
I the right angle 

& A I the latitude of the place 

& 


the aititude when eaſt o , 
4 the hour from fix if alt, 2. 
' well, if before lix in the ate nor. 
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triangle here &:{cribed , we ur derſtard, 


the ſun's declina tion of the 1 me ran. with the latitude 


R in che forenoon but 


The Stereograprical l eden. 


Having drawn the 


itive circle, and 


quartered it with two dia- 


meters, making SA B the horizon, and Z AN, the prime vertical, and 
make PA L, che axis of the world and E A Q, the equinoxial, 


With the 


at the time when due eaſt or weſt. 
3d, Now having three 


A AQ,a 
At } and it is done. 


For the 


A l equal 


points PI 4, not fituate in a 
þ which, to deſcribe an oblique circle, that cuts the equin.,xial 


t right angles in & which forms the rectangled triangle 


tangent of the complement of ſun's declination, deſ-ribe 
the parallel cucle which cuts the prime vertical in the place of the tun, 


right line, 


te > dd. Ak equal the 


hour from fix when he is either eaſt are weſt, was the wo things requir- 
ed, and are both meaſured on the ſcale of ha f tangents. 


But by Trigonometry. Having a 
nat; the ly 4 nur tum Go, 2415. 


and its oppoſite angle given, 
qual 23 , 29 the ſun's declt- 
aire when hour trum fix, da es Sx a I equal the 
eaſt or wei, are found as tollow. h, 


Trigonemetrical Proportions, 


To find the Sun's Amplitude. 
As s. latitude 54 ,10 9,90837 3 


23 329 9.600 


409 
90 , oo 10,000000 


To find the hour of the day. 


As tangent latitude 54, 10 10.141398 
Iz T. fun's declination 23 ,29 9,637956 


So is Radius 90 ,00 10,000000 


To s. hourof the 
ads 


29 ,26 9.691536 


j 
Convert 19,17 into 
I ——— 

8 5) 39 25 


— — _ 


that is 1th, 13 min, 


. Which added to fix 

| hours, if in the forenoon 

7 hours +3 minutes, on 

| the afteronon ſubtract 

| from 6 hours remains 4 

hours 47 minutes, as 
| was required. 


is 


' 
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— by Scale and Campaſis. 


Extend from tangen 54, to the latitude, to tangent 23 ,25 the ſun's 
dectination, that extent laid the ſame way foam 8, yo ,09 will give 
s, i$ ,17 the hour of the day when cait or weſt. 


To fi d the fan's altitade at the ſa ie time. 


Extend from s, 54 120 6. 23 29. that cx. nt laid from s- 90 ,60 
will givc s, 29, 20 tae iar's altitude quired. 


By Maxrix's Siiging Rule. 


To find the hour when the fun is due -aft or weſt. 5 


Set tangent 54 ,20 on the flider to tangent 23, 29 on the rule, then 
inſt s. 90 , 00 on the ſN:der you will have 3. 18 „7 e che rule, 
which converted into time is 1 hour 13 minutes the fame as aboue 


To find the ſun's altiude. 


Set . 54,10 on the ſlider to s, 23. 29 on the rule, then se 


$, 90, oo on the ſlider you will have s, 29 ,26 on the rule the iun's al- 
titude as was required. 


Problem 218, Suppoſe the ſun due eaſt or weſt, the latitud- of 


the plac: and altitude being given, to find the tun's declination and, 
hour ef he tay. 


Example. In the latitude 54, 10 N, the ſan being due eaſt. his al- 


itude is 29 , 26; Required the ſun's declination and hour of the day 
at the ſame ume. 


Here is the hypothenuſe and one angle given, that is the hyp-:the- 
nuſe A / equal 20, 26 the ſun's altitude, and the angle 4 A Ig 


54 ,10 the Jacirude, [ſee the lait figure] to fad & / the fuc's decitra- 
tion, and A & equal the hour. 


Trigenamerrical Proportions- 
To find the fun's declination. | To find the Hour of 
| che Day. 
An CO , em 


Is to s. latitude 54,10 9,908373 | As T. E, alt, 60 ,54 
So is 8, altitude 29,25 9,6591445 Is to Radius go , 0 
b | | — | So is <, c, lat. 35 „ 

To a, 8 23, 29 9,6003 18 | To the T. hour 18 ,17 
Here = qual; 1 hour 13 minutes, which added 0 6 hours, 


makes 7 hours 13 min, forenoon, and 4h, 47 minutes afternoon, 


Is 


1 
| 
1 
(| 
1 
[| 
i 
| 
| 
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Iuſtrumenrici % y Scale and Compaſſes. 


| To find tie hour of the Day. 
Extend from tangent 5; the latitude, o tangent 23 720 the de- 


- clination, that extent laid from s. 90,00 will give s. 18,17 the hour 


required. In time is 1 hour and 13 minutes, 88 a 


To find the ſun's declination. 


Extend from s, go , oo to s, 54, io the latitude, that extent laid the 
fame way from s, 29, 26 will g:ve 23 ,29 the ſun's declination required. 


By Maxrix's S/iing Rule, 
* 
To find the hcur of the day. 


Set tangent 54,10 on the ſli ler to tangent 23 , 29 on the ads 2 
then . 90. O0 on the ſlider, you will have s. 18 ,17 on the 


rule; which converted into time is r hour 13 minutes. 


To find the ſuu's declination. 
Set s. 90. oo on the {lider to s. , 10 on the rule, then againſt 
3. 29 , 26 on the {lider you will have s, 23, 2 on Lc rule, the ſun's 
declination required. 
Problem 22d, The ſun being upen the prime vertical, that is due 
eaft or weſt ; the latitude and hour of the day being given, to ſind 
the ſun's declination and altitude at that time. | 


Example, In the latitude of 30,10 N. the ſun comes upon the 
prime vertical 3 h. 15 m. P M. required his declination and alt:tude ? 


Subſtract zh. 15m, | Then 2h. 45m. & 15 eq 
41 -15 A l the hour (ſee figure) 


5 | Trigow metrical Proportions. 
To find the ſun's declination, For the ſun's altiude, 


A Radius go , 10,000000 As 8, C. Lat. 59 ,50 9.936799 | 
Is to s. hour 41,15 9,819813 | Is to Radius 90,00 10,000000 
80 is T. lat, 30, 10 9,7643562 | So is T. hour 41,15 9,942988 


To v. dec. 20,58 9, 583465] To tan, alt, 45 „24 10,000189 


- e g In 
. » 
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 Inflritmentally by Scale and Compaſſes, 


Extend from s. Y, oo to s, 41 15 the hour, that extent laid the 
ſam: way from tangent zo, ꝛ0 the latitude, will give tangent 20, 58 
the ſun's declination required. 


To find the ſun's altitude. 1 


Extend from s. 59. 50 to 5, 92,00, that extent laid from tangen t 
44 +15 will giv2 tangent 45 „24 the ſun's altitude required. 


Zy Makrix's Sliding Rule, 


To find the ſun's declination. Set s. 90, oo on the ſlider, ths. 4118 
on the rule; tren againit tangent 30, io the latitude on the ſlider, © 
you will have tangent 20, 58 on the rule, the ſun's declination, 


To find the ſun's altitude. 

Set s. 59 , 50 the complement latitude, on the ſlider to s. 0, oo on 
the rule, then avaialt t.nzent 41 .15 the hour on the ſlider, you will 
| have tangent 45, 24 on the ruie, the ſun's altitude required. 


Problem 23d, The ſun due eaſt, his declination and altitude given, 
to find the latitude and hour of the day. 


Example, Suppoſe the ſun's declination he 20. 50 8. and his al- 
titude 29, ꝛ0, Required the lati:ude of the pMicc, and hour of the day, 
when the ſun is due eait or welt, | 


; of 
Al, equal 29, 30 the ſun's altitude, and 4 & the ſun's declination, 
equal 20, 50, which triangle appears in the figure firſt given, 


Here is given the hypothennſe and one leg, that is the hypothenu 


T rigonometrical Proportions. | 


To find the latitude of the place, For the hour of the day. 

As s. c,decl, 69, 10 9,970635 
As s, ſun's alt, 29, 30 9,7923 39 | Is to Radius 90, 0 10,000008 

Is to Radius 96,00 10,000000 | So is s, c. alt. 60, 30 9, 639697 

So is s. ſun's dec, 20, 50 9, 55 1024 | 

9,969062 


To s, c. hour 68 ,33 
To tl. e 3, lat, 46 ,14 9.858688 Sub. from 90 , 


| Remains the hour 21 22, which converted into time, is 1 h. 25 m. 
which added to 6 h,.oo min. is 7 h. 25 min. AM, and the latitude 
of the place equal 36, 14 N. as required, | 
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s, 63 ,33 the com. hour, and the hour 21 22 in time equa! th, 25m. 


Problem 24th, The ſun due weft, his declination and hour of the 
(Sy deing given, to kud the lacinde and fan's s altitude, 


B © Suppoſe the fun's declination 20,50 N. and the hour of 
A che day 4h. 11m. Requiced the Inttude of the place and the fan's al- 
I | Ltude of the ſame time. 


— e 
the equinoatat, - 


| "Io kindthe Inttade of he place | To find the ſan's altitude. 


4 5, = en 69,10 10, 49611 | So iss, c, hour 62 ,45 9.948910 
3 re 25 10, o80357 Tos, e. alt. 56,11 9.919545 


9 %% 6 
12 * 33 »49 
2 tna by Scale and Compaſſes, 


bent 5016 the comp, latitude, hence the latitude is 39 ,44 N. 


| wn aiak.. 
E nn 54 69.10 com 


** 


plement 
extent Jaid fro 62 ,45, will give s, 56,11, the complement altitude, 
———— i, the ſame as before. 


| hence the ſun's 
& 5 


tent applied the ſame way from s, 60 ,;othe ſun's c. altitude, will give 


| For the latitude. Extend from 5. 90 ,00 to s. 27 ,15 the hour ; ys 
- that extent laid from tangent 69 ,10 ſun's declination, will give tan- 


©F-7 


=Y 
wy 


 Inflrumentally by feale and Compaſſes. £2 

To find the Latitude. 1 5 

Extend ſrom s, 29, 30 the fun's altitude, to s. 90, oo, that extent T 

: . appliedfroms, 20 o equal the * F 

3 ————— k 
i Teo Snd the hour of the day. "UN 
1 ** 6 declination, to s. 90 ,00, that ex- E228 


As Radius go ,00 1 As Radius go ,00 ,, 10,000000 3 
2 27 ,15 9.66746 Is to s. c, de. 69, 10 9.9735 
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2; MaRTIx's Sliding Rule, 


To find the latitude. Set $. 90, oo on the ſlider, to s. 27 ,15 the 
hour, on the rule ;. then againſt tangent 69, io equal co. declina- 
tien on the {ii.fer, you will have cangent 50, 16 on the rule, the com. 


| ' atitude, from whence tne lat tude is equal 39 ,44 N. 


Ts find the ſun's altitude. 


"i Set s. 90 , oo on the ſlider to 2. 69, 10 on the rule, then againſt 
6: 45 the comp. hour on the flider, you will have s. 36, 1 onthe 
mie, ta» co.nplement of ſun's altitude; whenee the altitude is equal 
177 3 3 249 a: was required. 


Problem 25th. The ſun being due eaft, his altitude and hour of the day 
' =} deing given, to find the latitude of the place and the ſun's declination 
Inke ſame time. 


Example. The ſun ante ces Sep rictcd al, neg hour 
min. A M. at which time is altitude is 30,10; required — 
ef the place, and the ſun's declination at the ſame time, 


— ewea X 15 equal 27, 30 236 
| Trigenwmetrical Projertions. 
Jo find the latitude of the place, | To find the fan's declination, 


As T. Radius 45 ,00 10, At 8, c. hour 62,39 9,9479029 
Is to T. hour 27 , 30 9.716777 Is to Radius 90 , 10, %%% 
0 i 5. c. alt, 59 ,50 9.936799 | So is8, c. alt. 39,80 9.9367 
— — 


Tos. e, dec, 77 ,05 9.988870 - 


Tos. c. lat. 26 ,45 9465 3576 


Subſtract from go, oo * Subſtract from go , oo 
Rem. lat, 63,15 as required. | Rem. ſun's de. 12,55 as required, 
| Inftrumentally by Scale and Compaſſes. 


Extend from tangent 45 , 00 @ tangent 27130 that extent laid from. 
8. 59, 5 will give 5. 25 ,45 the comp. latitude. 


3 Extend from 8, 62 „30 to 8, 90 , oo, that extent laid * 
ve | e 


"$ Problem 26th, The latitude of the place and the ſun's altitude, 
with the hour of the day W oats find che fun's azimuth and 


' ceclination. as - 
hs, _ Example, 


290 eee NavicarTonr; 


— the ſan's altitude be 39,55 in the latitude 
g north, and hour of the day 2 h. 51 min. 42,48; I deſire to 
he ſun's wr” mat he and azimuth, 


| The Streographical Paste 


neg e pee cicie = hufive Sveth 
ed, ſet © . RIF graffi N, and the axis of the 
1 * inoxial th the center, make the angle © * 2 
equal 42 45th how into degrees, by multiplying 2 hours 
n 1 . 

— lel to the horizon 22 ,05 equal complement of 
Pigs ttude, diftant from z, th diftance as zo, to cut 
the ob;ique cirele n O s in O the place of the ſo at that time. 


ad an azimuth circle as 20 
. x and its done. | 


Explanation of the Scheme. 


In the oblique angled ſpherical triangle Z fun N, is to be noted, 


2, 2 0, the complement of the ſun's altitude. 
1, 2 M repreſents the complement of latitude. 


3. No the ſun's diſtance from the elevated pole which is the ſum of 
the declination added to go oo when abe latitude and declination are 


of contrary names but if one name as here in this example it is the 
- complement of the declination. 


4, o 2 x the ſung a2zimuth from the north in ſouth latitude, but 
from the fouth in north latitude, 


z0n2, <qual the hosr of the day from noen. 
Z the zenith, n the nader, N the north pole, S the fouth pole» 
2 W 


5 —— Progertiens, 
39,58 2 2 hours 51 min. in 


50 ,05 equal c. altitude 56 , 31 equal c. lat. Vegrees equal 42 545 


To kind the angle of poſition | 2 fun's poßten 47 ,34 
co. ar. | . hour from noon 42 245 
As $. C. ſun's alt, 50 , 5 , 116217 


Is to s, hour AM. 42,45 9,8317742 Sund of the les 90 ,19 
So 18 S. C. lat. 56 ,31 9,92: ;3go | * 


To 8. 4. ſun's po. 47,34 9,868 149 


Digerenee of angles 449 
j Half difference of 2.s 42 424 


ll 


5 
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Co. latitude 56,31 | co. ar. 

Co. altitude 50 „As S. half * fides 2,16 1,2442563 
Ito s, halt Z files 53,18 9, 904053 

Snm ſides 106, 6] S0 is T. half Xx £8 2,24 8, 22343 


Half ſum ſides 53 ,:8 To T. C. half con- 


tained angle 30 32 9? 


X of ſides 6 ,26 
Then 90, — 30,32 equal 59 ,28 
Half diff. of files 3,16 | ther 59 ,28 x 2 equal 118 ,56 
Then 180 19—1 8.66 equa! 61.04 the fan's azimuth from fouth 
and 61,04 equal 5 points and a half or 8 E by E hali E nearly. 


To find the fide N O, the ſun's diſtance f-om the pole or comple - 
rent declination. 


As s. Þ, from noon 42 ,45 co. ar, 0,163258 | Fiom 90, 


Is to s. C. altitude 50,5 9.8858 debitract $1 „27 
So is s. ſun's azimuch C1 ,94 0, 94209, | | 


Declinauon 8,33 


— 


To s. ſuns diſt, from N. pole 81,47 o, 995140 


Inftrumentally by Scale and Compaſſes, 


Extend from s, 53,0; tes, 42 ,45, that extent laid from o 56,38 
will give s, 47 ,34 the angle of poſition. 


Again, Extend from s. 3, 06 (half the difference of the en latitude 
and co. altitude is to the s. of half their ſum 53,18 is the tangent 
2, 24) one third Y of the angle of poſition, ard hour angle from nona, 
tangent 30, 32 equal the tangent com. halt the ſun's azimuth from 
from ſouth, which ſubitcafted from 90, oo contains 39 ,28 doubled is 
118 ,66 hence the the iun's azimuth equal 51 ,04, 


zzally, Extend from 8, 42 ,45 to 5, $0,075, that extent laid the fame | 
way from s. 69 ,o4 che ſun's azimuth will give s, 81. 2) the ſun's diſ- 


| tance ftom the pole. Hence the declination is 8.33 N, as required, 


By Martin's Sliding Rule, 
Set s. 50,03 on the ſlider to s, 42. 45 on the rule, then againſt 


8, 56 ,31 on the ſlider you will have s, 47 ,34 on the rule the angle ß 


poſition. 1 ol 
Set s, 3 ,16 on the {lider to 8, 53 ,18 then againſt tangent 2 ,24 on 


che flider you will have tangent 30, 32 on the rule; which gives the 


ſun's azimuth 61 04, | 

| 3d. Set 8, 42 ,45 on the ſlider to s, 50, os on the rule, then again 

8. 61 ,04 on the ſlide, you will have s. 8: ,27 on the rule, wauch is the 
ſun's diſtance ſrom the pole, * 8 ,33 N. 


PA _ Pry, 


* 


f 
1 
0 
| 


= _ P * . 2 8 
— —— —— — — - 
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Problem 27th, The latitude of the plac- and the ſun's declination 


given, together with the ſun's azimuth, to find bis altitude, and hour 


Example, Sur poſe the ſun's declination be 20 50 ſouth, and the 
ſun's azimuth 130, zo from the nor h in the latitude 30, 5 1 N, requited 
the ſun's altitude aud hour of the day. 


See the laſt projection in the blique angle? ſpherical triangle z O 
N. is given the de Z N c9ual so, oo the. complement latitnde, O 
equal 110, zo the ſun's diſtance from the nortn pole, and its oppoſite 
angle O Z N equal 130, 20 the azimuth, to nnd the ſide Z O. the 
complement altitude and angle © N Z equal the hour from noon, 


75 rigonometrical | Preportions, 


1 8 co. ar. | S. e, latitude 59 ,09 
As s. ſun's di, from > gents, 300,028412 | Sun's fidec 110, 30 
Is to s, ſun's azimuth 49, 30 9, 8 1046 | 5 
So 15 8. c. lautude 59,39 9,9337 7 | £ of fides 169 39 

Tos, C of poſition 44.11 0Q,843208 | Difference of fides 50 21 


CO. ar. 
Ass, half X of ſides 25 ,10 0,371353 | Half Z of fides 84 49 
Is tos. half Z fides 84.49 9.997732 Half X ef ſides 25 10 
So is T. x of angles 43 ,09 9.971835 RE 
: Angle OZN 130 30 


To r. c, hours C. 65 30 10. 341020 | Angle N ſun Z 44 11 
Subftrated from 90 oo a . | = 


| | f 2 — 2 an 17441 
Remains 24 3o double equal | of ang les 36,19 


x | Half x of angles 43 09 
| Then49 oo turned into timÞ is 3 hours 16 minutes required 
| | co, ar, | 90 0 — 68 ,23 equal 
©” As s, £ of pofition 44 11 0,156794 | 21 , | 
Is to s, e, latitude 59,9 9, 933747 | the day from noon is 3 hours 


Tos, e. altitude 68,23 9,968 320 
Infirumentally by Scale and Compaſſes, | 


Extend from s, 69, 30 to s. 49 ,30 that extent laid the ſame way 
frem s, 59, 39 will give 5, 44 ,11 the angle of poſition, 5 


Then 
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Then extend from s. 25 ,16 to s. 84 ,46 that extent laid theme 
way from tangent 43 ,09, gives tangent 65, zo which taken from 
90 ,00 leaves 24, 30 aud douled is 49,00 in time is 3 hours 16 min. 
the hour of the day. 


zuͤly, Extend from s, 44 11 tos, 59 og fois $, 49 00 to s, 68 23 
whoſe complement 21 37 is. che ſun's altitude required, g 
3 * 
Problem 27th, Having the latitude of the place, the fan's declina- 
tion and hour of che day given, to find the ſun's altitude and azimuth 


Example. In the latitade 20 ,11 north the fan's declination 23529 
ſonth, and hour of the day g hours 24 min, forenoon, or 2 hours 36 
afternoon, required the ſun's azimuth altitude ar.d angle ot poſition. 


See the laſt fer hic projeRic 
 Trigonometrical Proportions: 
side NO 113 ,29 | | 
SideN Z 69 49 . Z NO 39, 0 70 +30 
| | | | | 821 
Z ſides 183 18 HalfZq1,39 | Half 19 ,30 
— — 1 Complement 68 „10 


& ſides 43 40 Falf X 21, 50 | 


co, ar, | 
As s. half ſum fides 88 , 21 o©,000180 
Is to s, half x fides 21 ,;e 9,570436 | 
So 13 3 E. half con. 4 70 230 10.450851 


To T, C, half x of £45 46 25 necks | 


3 . co, ar, | Angle OZ N equal 
As s, C. half Z ſides 1,39 1,5 5107 E. is the ſun's azi- 
Is to s. c, half x ſides 68 10 9,96767.; | math from the N. and 
So is T. c. half con. £8 70 30 10, 50851 | angle NO Z 42,58 

| the angle of poſiton; the 
To the T. half the ſum 89 23 11.963632 | aniwer required. 


Problem 28 th, Having the latitude of the place, the ſun's azimuth 
and hour of the day given, to find the ſun's declination, altitude, and 
the angle of the ſun's poſnion. = | 


Example. In the latitude 13 10 N, the ſun's ind is 135,51 
from the north, and hour of the day equal 2 hours 36 miunutes in the 


* 
* 
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aferncon ; required the ſun's ccclination, altitude, and angle of 
fon. ; 

a See the laſt ſtereographic prejeftien, 


Trigonomc: rical Proportiens. 


Z OzN 135 „51 1 
L ONZ 39 oo Side z N 76 50 51¹ 35 

| | 
Z of 4s 174 51 Half Z 87 25 Half thereof 25 25 2 38 
I Complement 41 35 

x ofangles 96 51 Half x 48 25 | 


co. ar. | Half ſum angles 85. 07 
As 8, half z angles 87,25 o, 00442 | Half x of ang es 30 45 
Is to s, half X of angles 45 25 9, 7 897 | 
So is r. half given fide 38 28 ©,900087 | Greater fiide 115 52 


| | — 
To T. half x of ſides 30,45 9, 774126 Leſſer lie 59 22 
CO. Ar, {| | 
As s, C. half z angles 2,35 1,:464:6 | As s, c. altiude 5; .22 
Is tos, c. half x angles 4i 39 9,*2197% | is tos hour 39 20 
So is T. half idezN 38 28 9g,,009%7 89% iss. . „ 76 50 
| — | Tos, 4 ut pri, 4i 04 
Io r. half ſum ſides S5 o7 11,062 54 | 


Hence the ſun's altitude is 54 22, ſun's declination equal 23 ,29 
and ſun's angle of pontion 41 04. 


Problem 26th, Having the fur's declination, his a'titude and 
azimuth given; to fiad the latitude of the place, and hour of the day 
from noon, 7. . 


2 Suppoſe the ſun's declination be 19 12 N. and the ſun's 
altitude be 29 zo, and the ſan's azimuth 330 oo; Idefire to find the 
latitude of the place, hour of the day fram noun, and angle of the ſun's 
poſiti we 

See problem 34th In the obli led triangled ſpherical trian 

z ſun N, is given N ſun — diſtance from the north 2 
equal 70 43, 2 fun the complement altitude equal 50 30, and the 
angle ſun z N equal 130 , the azimuth from nortk or 50 oo from 8, 


to find the angle ON z, the hour from noon, fide N z the comple- 


ment latitude, and angle z ſun N the angle of poſition. 


= Since this problem isof excellent aſe to the Navigator where he 
take an obſervation at any time of the day ; I ſhall hes how the work 
| in 


— 
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in as ain and % 2 meuhol as is poſihle, to find the latitude of the 
place both infirumeata}'y and logarithmericalty, 


Tri goenometrical Proportions, 
s Radius 9 ,09 10,000200 | From 9o , oo 
1 to s. C, fun 22. from mer. 40,00 G, 308 507 | Subtract from 24 ,03 
So is r. c. 4/titude 5030 10,8 3895 


— — | Fifth arch 65 „57 
To tangent 4th arch 37 55 9.891952] Fourth arch 37 57 
co. ar. 


Then As s. ſun's altitude 36 30 o, 9649 Do. latitude 28 00 

Is to s. c. 4ch arch 52 03 9.395820 

Ss iss. ſun's dectination 1911 917020 Hence the latitude is 
| 62, co N. 

To e, c. 5th arch 24 03 — 9 


Inſtrumentaliy ty Scale and Compaſſes. 


Extend from s. go, oo to s 40 05 the 5, e. azimath, that extent laid 
from r. c, altitude 30 30 will give taugent 37 57 a fou:th arch. 

Then extend frm s. ſun's altitude 39 30 to 3. C. fourth arch 52,03 
that extent laid from s, ſun's declination 19, 12 will give s. 24, oz the 
compiement of che th arch equal 65 57, from which ſubttra@ fourth 


areh 37, and chere /emain, 23 ,00 the complement latitude, hence 
the latitude is 62 ,00. 


Ps Mr. Maxris's Siding Rule, 


Set s. 90 , oo on the ſli der to s, 40, os thes. c, azimuth on the rule, 


| then againſt tangent 50 20 the r. C. altitude on the der you will 
have tangent 37 57 on the rule the fourth arch. | 


Then ſet s. 30 „30 on the llider to 52 393 the s. c. fourth arch on the 
rule, then agaioft s, 19, 2 the ſun's declination on the {lider you 
will have 24 03 on the rule, the 8. co. flth arch which taken from 
90 ,00 gives 65 57, and 65,37 — 37 ,57 equal 28, o0 cqual comple- 
ment lautude, — 62 0 N, as was required. 


To find the Hour of the Day | Aangle 38 45 con- 
co. ar. verted in to time thes. 
As s. c. ſun's declination 70,48 7 55 5038 „45 


Is to s. ſun's azimuth 50 ,00 9, 884254 
do is s. c. ſun's altitude 50 ,30 9.887406 


375,6 


Te 2. hour ang le 33 145 9,7G6;15 253 _ 
Hence the time from noon is 2 b. 35 m. that is 25 min. paſt 10 
o'clock forenoon or 35 min, paſt 2 afternoon. 


* — — —— 


Ta 
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To find the angle of Pcſ:tion. 


As s. c. ſun's dec. 
Is s. fun's azimuth 
So is 8. c. latitude 


-0 ,48 


co, ar, 


. 5 
50 00 9,8 


28 ,00 9.671 1609 
| To 5, ang{s of poftion 22,23 9,550718 | 


The Proportions. 


Anſwer. © 
Latitude 62 ,09 
Hour from noon 2 hours 

25 minutes 


Angle of poſition 223 


84254 


Problem zoth, Given two unequal alendes of the fon taken on 


the ſame day, and the time between the obſervations, 
_ fun's declination, to find the latitude of the place, 


with the 


Example. Suppoſe the ſun's declination be 20 ,14, and fome tins 


on the forenoon we took the ſun's altitude which was 43 ,07, and two 
hours after we took the ſun's altitude which was 56 .34 ; 


the latitude of the place and hour of the day. 


Solution. Sun's declination equal 20 ,14 his diſtance from Ge go 


6; 
ue 
AN equal 15, 00 
fide A 5, thus 


69.48 eqn 
equal half 


— declination, the an 
time between obſervations, to find 


tringle ABN, are given the hypo- 


185 


Trigmometrical Proportioms, 
90, oo 18,000000 3d. In the oblique 
Is to 5. fide AN 69,46 9,97 2338 | triangle DNA 1 
So 3s s. angle BNA 15, 00 9, 422996 the — ſides viz, 
To the ſide 3 A 14 ,03 
14,03 | 
Doubled i is fide AD 28 ,06 | 


To fads det exits angle DAN. 


As 8. c. fide A D 28 „06 
I to 5, oppoſite 4 AND 30 ,00 
So is fide ND 69 „46 
Tos. angle DAN 84 ,58 | 


1 


zd. In the oblique 2 A 
DAZ there 1s given three ſides 2 4 
E 33 „26 equal — 
t altitude, 2 b equal 46. 
equal complement alti 


and av equal 28,06. To end the 


angle az. 


Side 


The Universal Wividi ATOR; 


=_ 


\ 


* 
2 1 * 
5 2 f 


84 2 451 ,26 Containing ſides 13 26 00 ar. | 0425835 
Kae D A 27 28 „6 cd, ar. 0732 
Side D Z 46,5] Hal ſam o ſides 8. 54,13 9,9091 25 

| — K Rewaĩnde 7 ,19 9,105009 
2 ſides 88 5204 | — — 

: Sum ot theſe Logarichms 19.509998 
alf E 5 13 
| — Half en is $3997 9.79999 \ 
Reman 7 419 | — — 
Hal: rigs 50 353 doubled i is 101 ,46 


Hence the angle D4Z equal 101 ff, from which ſubſtract angle 
_DaC 84 556, and there remains 16 45 equal an, le NAZ. ws 


 Tframentally by Scale and. Compaſſes. 


Firſt, extend from s. 90 ,00 to 3. 33 ,26, that extent laid the fame 
way from 25 ,06, will give 15 ,08 a 4th fine, 


2d. Extend from s. 15 ,03 tos. 54 s half ſum of fides, that ex- 
tent laid the ſame way from 7 ,11 will give 23 ,28, againſt Which in 


Syerſed ſiues is 104 ,46 
From which ſubſtract angle DAN 84 „58 
Remains angle * AE 16 ,43 


——————— —— ̃ öMm. 1 ¶ — VU ̃] VKm-! ] ² ' ÄÄ8 - 


ach. In the obſique triangle AZ are  giren the two fides na 6946. 

| Ge ſun's diſtance from the pe; az equal 32 ,26 the comple- 

ment greater altitude, alſo the angle * 6,48. To find the 

azimuth fr m nyvth the angle zau, and angle avz equal the hour 
ſrom noon, and z x the complement Latitude of the ihip. ; 


\ 


Side na 69,6 | | 
9 33 »26 | Half ſum 81 25 4 N42 16,48 . 
* JA | | 81 36 
9 3 »i2 | Half X 18,10 | Com, 8,24 | 23 .24 
| —— A | | 71.50 
36 ,20 1 £62 
As 3. half ſum of fides 561 36 co. ar. 0,1058-4 84 ,29 
N 8, half x ot ſides 78 5 9,4385 69 „38 


$0 is tang. co. hal t contained A 18 35 10, 0.8307 61 


154,07 


To tangent half x angles 69 „38 from N. 


19,430421 Ane. 


. 
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As 8. c. half ſam of fides 38 ,24 co. ar. 0.206805 $4 ,29 
Isto 8. c- half x of fide 74 335 95977794 34 
80 is tan, half con. £4 81 ,36 10.8 30916 — U 

14555 


To the tang. half ſum of ang. 84 ,29 11,045315 | hour from noon 


Hence it is evident that the Azimuth A Z N 154 0 
alſo the hour angle ZNA equal 14 ,55, which t into time is 
2 a 1 o'clock, the time of the 


2 
12 to 8. c. a 
So is s. fun ang. of 


14455 — 0.589368 | 


a Ta 4 128 


— Remain lat. 31, 
To 8, ©, latitude $3 ,1i3 94791439] | 


A large and uſeful 


T A B L E 1 
| DIFFERENCE 


_ Latitude nd Departure, 


1 Jo Tenth Parts, 3 


0 | 
| Every Degree and Quorter Point 4 


900 THE 


COMPASS, 


For the exact Working of a | 


TRAVERSE; | 


And readily fading the Longitude by Inſpe@ion, 
According to 


A Table of Difference 


3; © o, OF Oſoc 2 03 © 00 2 
xl 2 | 

94 z [og ooo 2 [oy O o 
o oloo, ⁊ ſos oſoc 


111115, 00.2 
1241200 2 


15115 Of 


10.6, ooo, 3110, oſoo, 6 
71 olog 3 8 J 9 
7 


18 c 0 3 8 9 oO nf 


EEE 7 
On wn + - 


2 | 
— 


* ond _ 
& cw ww 


* 
8 as 


458 0j20| 
590% 1 | 


A Table of Difference 


1 , Pt, | 3 Deg | 4 Deg. | 5 Dez, 
at dp, Lat, dp. Lat. dp, La: der 


&| yi 


80, 942 8 5-7 780,7 7! 
81857| 8177218 
828.55] 82-] 73| 8 
83944] 33859] 53-| 73] 8 
8494484859 847748 
| 859145 85860 857] 75]. 86 
86 904 60 868 61 71761 87 
87 9146] 87862877778 
8894788862088 778 
EEE 
90.9\4.8 90.8 6.4 90,7 850 
91 9/48] 918 64 91 7 80 
92949 9286592781 
93949 938 66 | 82] 
| 9495 o| 948 66 83 
959500 95 867 8 4 
96 95 1] 96868 8 5 
| 97 956 1] 97 8169 86 
9 o 98 96 20 98 866 9 87 
26 % % 243 22 2 0! 0:6) 95 
101101 11,8 1,013.0 100,915. 87.1 e Ct | 
20]: 8| 2036 1963} 1tÞþ 6086 
| 393 7 29; 72 39 
4937 = 73 0 
5 503 8 4 4 
8950s 39 4 
207] 2% 9] 70139] 68 75| 
4 8 0049 80639 3 5 
9919} 9939 - 6 
o oog 22. 100 8 6 
502. 11, 040. 10.95, 1700 7.7 
420 0 1 3 18 T7 
30/40] 295 28 78 
5 | Foſ4qt| 49150} 48 0 
6 014 1] 3967 58 80 
7 i] 6 57 68 1 
804 1 79157] 78 1 
goſ4g i} 895 88 88 I 
{|= 98 i 
| | L. 
24 


| 


EEA D 


20-7 Þ» 120 
1791 
| 2 51 
3 
148 
58 
2 6 bv 
2 78 
2 | 88 
* 


8.211 20, 5 0, 0 121 


279 25/633 

3 3 5111734 
4719 (11 7,135] 

$ 71 9 118136 

5719 55619137 
77196 12 038 

87 9 121139 

A LA 

410.512.3141 

1512442 

24 25] 4045 

3 | 3 5]'2 51144 

4 ©] | 4411261145 

5 $5 41127, 146 

68 641280147 

7 4112914 

88 13011 

150.8 . 1351 151 
5188 16110 13 al 

2 808 of 2 66060 2413 315 

3813 i] 36602 3413 4½5 

2896 22 4413 5/5 

5 | $5 Sjto 544136 

886 § 6. 9 87015 

813 3] 76111 74'137,15 

| $83} 8 818 3 8 41i3 8180 
— 92A — 2195 
L, |dep, L dep. L. \dep, Lr 'dep, L 


4 - 
CCC —ü—é—ÿä —Eà-—) — — Fw-T— — — * „— 


- » 


\© PP On + 5 = | "Vid; 


636.8 


— 


71139 
316,902 1 
7902 2 


38 


39 804 2 
dep,¶ Lat. 
5, Deg 


— 


10 91, 10 90, 3 


49 


30 8 03, 230% 63,8 

31, 23 331,703 9 
32 8:03 42. 04 0; 
33 03 6133-704 1 
34 303 7434»7]04 3 
35 8003, 8035,,704.4 
30,7104 5 36 
7 [37 8004 0)37,7104 6 
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9395 
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8046 
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he Ve of the Table of Logarithnis of Numbers, 
from 1 to 4000. 


HE Logatithm of a cud ade 10, is found in the 
firſt column in the firſt page, the index or characteriſtic 
is o, as per Table. 


2d, The Logarichm of any namber buder 160, is found is the 
ſecond column of firit four pages, &c. under o, at top as per Table. 


Example tl. Required the Logarichm of 84? 


Under, at the top, and againſt itt firſt columm/of the left hand + 
fide, find 84, againſt which is 1,92 42, the Logorithum required. : 


i. 


wow” 


To find the Log. of numbers above 100 in the foregoing pages, 


Rule. Find the two firſt figures in the firſt column on the left hand 
fide of ſome of the four firſt pages in the table, and the figure in be 
— againit which in the ſecond column 1s is the Logarihm 


Rumi, La ie be required te find de! a of 
Find 39 in the firſt column in che left hand fide and dey 


2 you have 2, 59379 the Logarithm required, 


Rxample 3d. Let be required to 444 the Logarichim of 1795. 


Leok for 1 
the 


5 in the 1ft. column, on ſome of the pages from the 
of the Table, and on the left hand fide, and 5 the 


Ski. 

— unite —ů— 179 and under 5, you will b 
' 3-25400 the Logarithm required. 

Kampfe 4th, Let it be required to find the Logarichm of 3919 


. the left hand fide, and under 9 
— under 9, you will have be 


A 


T AB L E. 


O F 


NATURAL and ARTIFICIAL 
Sines and Tangeats ; 
The Radius 1, in Natural Sines and Tangents, 


and 10, ooooo in Artificial, &c. to every De- 
gree and Two Minutes of the Quadrant. 


A Table of Natural and 


o Degrees. 


# my 


N.T, 


1,000 Reo 3 
9999/9009 11 
29999014 
9999 0020 
3999 0026 
3999 00.3% 
9999 0037/2 
71939} 004 22, 918 
99999 004620, 2227 

990 Me $5,093 


343,74 
03,754 
49,110 
38,197 


20,444 


T0 


114,59 6 


31,252 


Log. S. 


5,46372 


— — 


95909990 


59458. 
7,162 


741790 
7,63981 


69477 
774²7 


16,370 
6 


| = 0113 28,514 


98,3848 
Ol ON 
107,039 
07,313 
07,015 
00,740 
06,85 
00,249 
06,0 30 
05, 826 


. N. T. 


9,299 3,03191 
en ee 


| 


7,505 1 119,99996 
7.57760 9.99999 


999999 


999999] 
, 3088209, 99999 


2299999 


Log. T, 


6,4637 X 


594084 
7, 162. 

7, 30882 
741797 
7,505 12 
7957767 


999999 


7,3982 


9.99999 .69417 


5 


7,7859 


13,751 [7,80165|9,99 


7.89700 
7,9261 2 
555508 


7,982 23 
8, 00778 


9,9999 
7.82545 ½,99999 


7.7424 


9.9 
9,9 

9.99998 
9.99998 
999997 


$,09718 
3,11692 
$,13581 


8.15390 
8.17128 


8, 204507 
8, 21958 
3.23455 


$0759 90999 


9.99997 


* 
— — 
— 


9.99996 
9.99390 


999905 


9,999958 
8.187980 


9.99995 
999997 
9.99993 
9.99993 


9.99996 


77,8951 
7,9261 3 


8.00781 


co. ſine 


Log. S. 


8 I 2,360 78 


13.5 3627 
13505915 
2, 83730 


2,9117 - 


42, 58203 


2.49488 
12, 42233 


2, 30582 


12,2575 


12.214056 


1 2.10490 
12.07356 
12-04490 
12,01774 


11.99219| 
11,96805 


þ 


3 


e 
11,8641 5 


5111.846504 
11.82867 


11,81 196 


11,765 37 


11.9234 
11.900278 


1179587 
411 1.78035 


89 Degrees. 


Logarithmic Sines and Tangents. 


| 


9990 
99960282 
2755 9995 0288 13 


þa 


| 3|183 9998 (0183 
3899086 [918g 


70 


3,863 
. 
3,096 


3.213 
3.184 


3.041 


0334 (2498+ | 

19993 (0340 
0346 2,887 
— 


25937 


= 


3-473, 


—c\ 


3.0975 
3.51672 
52434 
3,8583182 
3,53918 


— 


3-404 8, 46798 
96.336 8, 47649 
3.274 9.45484 
49303 


3 


; 


NE hs 9,99987 [3 
4-141 8, 38276 
4.043 8, 30310 9, 99988 
3,951 8,40320| 


3,999 


„50108 
50897 


9.99977 
7979 
9,999 
9, 


Log, 6. 


9.99986 


9,99988 
8,41 306 9, 99985 8.41321 
8,4227 1, 99984 
8,4321 
43215 
3.619 8.44139 
3.544 8.45044 
8,45930 


9,9998 
9.9998 3 8.441 55 
9.9998 18, 45061 
9,9998108 


9,99978 


9.99970 


9,9998 1 
9.9998 


Log. T. 


— — 


9.999938 
999992 
9,9999203, 27655 
97599991 8,2086 
9.9999 
9599991 8, 31504 
9599991 
9.99990 
97929990 
9.99388 


3, 33805 


8 
Io 
8 


O |* 


524910 
3.26211 
5„ 30262 
3.32711 


3, 35028 | 
$,30142 


: — — — 1 1 , 
13 — 1 


»37229 
»38288 


540333 


— — 8 


11,7808 
1 173688 
11.723330 
1171014 
11,69786 
11, 68498 
11,67 288 


11,64971 


11.6171 


11. 60676 


1 8.59666 


3,42286 
3.43231 | 


999979 


2 


76 
75 
74 


5 11,50675 
11. 987 


[11447741 
1:49792 
4 505% | 


11.577134 
11.560768 
1 1.55 860 


11. 
| 


7 i 2 | 


11.52330 
1.51454 


i 1,49080 
11,48 304 


11,66114 [45 
11.638 57 
ö 


1, 52770 
11.586678 


1.54955 
54951 | 


* i 
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| A. Table of Navural and 


2 Degrees, | 
Log 8, Leger. | 5 
— — — — — 8 een 
2,839 8, 54642 9,9997 38, 5466911, 45331 50 
$6337 þ 2993 [0358 [2,750 8.55353 9-9997218,55381 [11.44018|57] 
0303 | 9993 [9363 . 749 8.86585 9,999) 108, 56082 11.4391) 
9993 [9369 [2.705 8,56743 , 99997 5577201432235 
2,663 '8,57421 1 9,99999 [38,5745 2|1 142548 
381 [2,622 8,57756| 9,99969 1141579 
0387 2.583 8,587 47 9.9997 [8,58779|11,41220 
519392 9992 [0393 2,545 382. 9.999668, 59428 11,4057 
VF 2398 8 992 [0398 2507 8. $a 9,97965 8.60060 11, 39932 
9991 [0.404 472 Þ 9,99904 j8,60697 |1 1.39302 |4 
0410 99 8.61282 [c1,3868, 
, 2310415 9991 3111. 38060 
(251421 [9991 11,37464 
& 11,3 
11.3628 1 [3 
8,64298[11,35701 
56 [8,64870 5 
385835 11,3464 
8,6599211. 34007 
8.66543 fl, 33456 
| 
111,32913: 
11,32376 |1 
11.31445 I 
. 0491 [2,032 143 11,3 1 
9987 19497 [2,008 5,69654|9 08 |11,30291 | 
9987 0503 1,997 8 
os [9987 0509 


7 


3 Degrees, 


1 
N.“ |N,T, flog . 


7212 9,9904. 8 „72180 1 1,27820 : 
172597 [9,99939|5,7 2058 [11,27 341 
73068 7 11.2088 


73535 11,26406 33] 
22 55556 52111, 25479 {qc}. 


77955 99931 [3 1142; 026 [35 
17,61 3,75353 [9-9993c | 11,24577 [+5 
3117431547 5795 9,9992 dee ee 
17, 26 8,76233 9,9992 7630611. 23693 
wy | 


C * Job 8,76667 9,9992« | 3 8,76742 11,23258 20 
16,91 8,77057 [9.99924 [3,77 17311-22847 | 
16.74 3.755725 9,9992 8.7599 11. 22400 
16,58 8.77943 9,9992 | ,7 80221 1.21977 
08 116,42 8, 78 360 89.857532 11.215659 
16,27 9.96735 9,9998 $,78855 [11.21 14412 
016, 11 8, 791829, 99916. 79260 fl 207342 
15,56 8, 79588 9.99915 09673 1.20226 a6 
15,82 8.79989 9.99913 8, 80076 f 1.19923 3 
and We 9,9991 18. 50475 2 | 


315,538 $0782 9,999 10 8, 8087111, 19128 
| 8 04 11.118736 
52/14.38347) 

15,12 b 81943 9,9990518 82238 11,1790 
14,95 88,82 324 9,9903, 8,82320{1 1.475796 
jo 14.85 "82701 99902 8,82799|1 1,17 200, 
14-73] 3,83075 9.95991 (8, $3174\11,16825 
14.6c13,874459,99898 8,83547 | 1-:0453 
„83813 9906 8,8390 i 1,1 6083 R 

| 54177 — 8 8 — 


ber aer. 


4 Degrees, 


N. r. f Log 58, 


» 


| | 
07O2Z 1424 8,34838 9.99893 
o8 1, 412 8.84897 9,9989 


215334 
11.174994 
11.140537 
11.14282 
367 8,861 28 Dir 
3[9731 [4,367 8,861 11,1 3582 
1,356 8,86645 | 9.99882 8,80763|11,13236|47 

9972 [97431345 5.86986 9,998 808,87 106|11,125g3 [45] 
9972107 48 1, 335 8, 87325 |9+99878]8+87446|11,12553 
754.3248, 87561 |9-99876[5,87785 |11.12215 | 

ö 


n 


9.99874 12011, 11879 
999987 3|%-38453|11,11547 
7211,294 8 9-99870|8,88783|11,11216 5 
78|1,284 3,88980 9,99308 589111 


70 
29797 


15220 291 195 

212 5,915 22 9,998 52 8,9164911, 8350 fi. 
1.2038. 91807 9,99850 8.919561 1. 08043 [1 
1,195 [8,92t 10|9.99848 |5-92262111,07738 | 
1,186[8,924 11 |9,99846 | 


dl | 
LOJC 


71030 


1109019559 0907 
13090909958 0913 
15091509957 0918 


A} 


| 
o 
* 


— — 
* 


8.94173 9.99833 
8.94485 9.58 31 


8,94745 9.99828 


11,095 8.95310 9.99824 


11,023 
10,952 
10,882 


10, 291 


by 
: 
. 


f 9975 


1012 
1018 


10, 8 1308,96 


8,95 589 9.99822 


8.95867 9.99819 


3.96143 9.99817 


3,9854909, 99795 


9.0707 319-997 7 
[3,013 +819,997 68 


8,9502389, 998268 


9.99815 


8,9434011. 05659 [5 
571 


3,94629 | 


- [11,03952 
8,96325 1 4 


[1.05370 
i 1.0 5083 


2 [11,94798 


11.4514 
11.004232 


11.03 398 
1,031 23 


—_—— 


55 
$3 
Z 


I 


$.9-958 1 1.02G41 
1101775 
[3.01510 | 


11.02850 
1 1,02579 
11,02309 


8,9875 3 [ 1.01 6 


11.0098 5 
1100725 


ere 


9.008 27 9,9977305 
9.01303 
9.01550 
99765 
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A Table of Natural an 


6 Degrees 


— — 


— 


1146 
1152 


' 236 aw 


70 hou 


2932 


11163 


938 5 12 
1118 
1124 
4130 
1136 
3935 | 1142 
993411148 8 
9934 [1154] 


9933 [1159 8,620 
1165 


1171 3,5 34 
1177, 

1183 
1189 
1195 
1101 8,324 
110218 
1113 8.243 
11188, 203 
2501124 8.164 


19,0276 


Bo | 9423455 
9,2 369') 


904145 


| 


, 


9.04376 
2,04602 


906 372 


9.08486 


* fi, | 


, 02043 
902282 
9702 5 20 


9.03227 


997919 


1043 28 
905052 
9.0527 
9.05 496 
9.057 3 
9.059; 

4. 7 


9.06803 
9.0701) 
9.07230 
9.07442 
9.07653 
9,07 8630 
9.08071 
9,08279 


| } 


. 


9.99760 


97090752 
709749 
3,997 40 
9.99743 
79974] 
9.99738 
3937 35 


9.516470 
9,04872 
pooghra] 
5327 
05553 
9,06778 


| 3:997 32 
9,997 30 
9599727 
999727 
2 
9799718 

999715 
9,9712 3 
9599709 9,06. 
9,9970 


9.97701 
9,9698 
9.9969 
9.9960 
9.22555 


3˙ 02283 

9.02525 
3019-02705 | 
9.03004 
9203242 [1 
3503479 
9.037144 
9.03951 
9504181 
504413]! 


44. 
9.0666: 


„07102 
07319 
4|19-07538 
29,0750 
9,7964 
. el 
9, 3 
9-99679 [9,08600 
9.99676 — 


2 


10,7475 


0.94446 

8 o, 94222 
on 93996 

0, 93776 
0.93554 


— 


— 


———_— 


10.97716 5 


9327 
10.9499 
0, 94672 


0.93334 


10,93115 
a 


20, 


10. 92249 


10.91 822 
10,9611 


10, 91400 


0 
10. 92464 
10, 92035 


10,9190 


8; Degrees 


Los, ung. : 


* 5 * . 
: —_—  — Ae ef „„ 
* 


2 
12 


1 


1 , | 
| 
| 


— — 


1 


11122195 
1227 9 27 


712 
gj*=4 
1112509921 
13285 9921 
1515 26. 9920 
17]! 20719919 


5 


5 123319923 | 
39923 
9922 


nc 1127 9918] 


77222 
1390 
13967, 160 
| 1502 


7,191 9 


7.140 


288525 9.12234 
9,906 18 99.12428 
575 9.12621 

11. 12813 


7 
| — 5 


1 
10·90¹ 555 


| 10, 88351 


10,7930 | 


— 


10.881564 


1087571 
z 0, 87379 | 
— 


* 13004 
9.99604 |9,13194 

9.99601 9,13383 
9.99599 9.13572 
9.99595 9, 13760 
9,997 0 313947] 
9.99587 [9,141 34 
9.99534 9.14319 


n 

0.86596 | 
10.86678 | 
22 
10.802 39 
10, 86062 9 
10. 85866 
ro, 85680 
10, 85495 
— * i | i 


2. 


8. Arr. a 


4 * 
Soged rad de. Fi, 


* 
\ 


— 4 ! 


A Table of Natural and - 


— ' 


K 
2» 


| | | | | | Yr" 
16 
N6.| r. bes. . Log.T. | 4 


9,1487110, 85 128; 
9,1505410, 84945 
9. 15236010. 84763 |; 
971541710, 84582 
9.15597 flo, 84 40 
9515777 0, 84222 
15956 [10,8404 3 47 
161 34 


1408 /. 100 9, 14445 
1414/7, 70g, 14624 
142007, 01 9. 14802 
14267, ol 9.14980 
143206,982 0,1555 
1438 6,95 39.15333 
14436, 9259.15 508 
96 1449 0,890 971 5693 
1455 (6,855 9, 15856 
3941461 (6,8 40 9, 1603 


—.— 


6,813 9.16202 
0,785 9,16374 
6.758 845 


9 Ws 
3931473 
1479 


1455[0,731 9,167 1 
149116,704 9,16888 
1497|0,677 6,17054 
1503|6,051z g,17223 
£509 625 9,17 390 
151510»599 $17557 


9,9952209. 17363 10.8 2636 31 
9,995 18 3610. 82463 1 
08 10. 82294 27 

9.995 1009-17879 INES 26 
9.99507 9, 18050 10.81 23 
18221 1.84978 . 


1 | 
150919886 1527 6,547 9.17890 9.99499 9,18 390 10, 8 16091 
151598841533 6,5229, 1805 5 9, 99495 9,18559140-51440 7 
1521988 31539 6,497 9,182 19, 9.99491 . 18728 10.8 127 fig 
7115269882 1545 66,4720, 18 383 9.99487 9,18893 10,81 10413 

1532],881|1551 (0,447 [3-1 854 999483 9,19002|10,80937 pry 

1538 9880/1557 6,422 [3,187 9.99479 9519229 10.80770 
554498801563 6. 398 0, 188) 19, 99475 9, 1939510, 80504 
54908791568 6.373, 19032 9,9947 219, 1955010, 80439 
7535878 1574 6,34%, 19193,9,99 468 9,1975 0. 80274 
59/561½877 1580 6, 325.1935 39,9464 6,1988910. 80110 


has 4 


L a 


—— 


— 


— _ 


ü 


6, 301 
6,278 
6,254 


6,231 


65 


$9943 
5,9229, 22181, 99389 
5-902 9,2228609. 99385 


55881 


6, 208 
6,185 
6,162 


9 


9,21 381 


7 [9921533 
3,21605 


9,218 36 
2198609, 99393 


9, 21076 
9.21229 


9.99427 
999423 


9.99475 
9.99410 


9.99402 
9.99398 


9,22435%.99381 


9.2258 30, 99376 
9,22731.99372 
9,2287 9.99368 
952302 59.9936 
9.23171, 9935 
9523317, 99355 
923402 9.99350 


9, 99406 


egg | 
19672 9,99496 
9,19830'9,99452 
19957 9,9944 
9.20145 959944 3 
9.20301 9, 99439 
—＋ 
20613 9.99431 
— 
9.20922 


9.99419 


9,21 340] 


9.21499 


| — 


[921657 


Os 


9,21814 
392197 1 


22127 


9522283 


9, 
9, 22593 


22438 


9722747 


9. 


9 


. 


22900 


9. 
9.2305 3 fro, 


9, 23286 
923358 
9523510 
9, 23661 
9.23812 
9,2396 
9,2411 
746 9.24261 
24409 


24588 


co. tan. 


10,9947 
10,9784 
10. 79621 
11279460) 


19,9298 


0.78501 


10.78 343 


0.78185 37 


to, 78029 


0.77873 
10,7777 


10.775562 


10.7740) |27 
10.7753 
10. 77099 [23 


76946 


; - 


I 1.76793 
10,6641 


10, 76489 


10, 76338 
10,6188 


to. 76037 


10,5738 
0,7550 


10, 75442 


— 


-E. Nuk. 


] I 


2 


o 


A Table of Natural and 


_—FU| 


10 Degrees. 


5.567 
57543 
55530 
5511 
5493 


þ 
— 


$2475 
57439 
55422 
5540. 
57386 
2 5,369 
5352 
57334 
57317 


9930? 


| 


9521747 
9.24883 

9,25028 
9.25167 
9,25 of 


9, 25445 
9,25553 


225721 


9.25858 
9.25975 
9.26131 
97 
9720402 
9,205 37 
3 


9, 26806 


Log 8, | 


5,661 ,9,24033 2.235 
5.642 9.24181 9,9928 

623 9,24323 9.993 
5,604 9,2465 9599319 
55585 9,2460 9,9915 


7 9,99310 

9.99306 
9,99 301 
9.99296 
9.99292 


| 


9,9928) 
9,99283 


Log,T. 


9,24705 
9.2485 
9524999 
9528190 
925292 
9725437 
9525582 
9525727 
9,25871 
9.26014 


9526157 
9, 26 300 


9,9927809, 26 146 


999273. 2058 


9.99268 [9, 26786 


9,9926409, 2686) 
26267 9.99259 %, 27007 


9.99255, 27148 
9.992509, 27287 


26672 9.99345 


_—_—— 


9.8925 


320940 9,992 30 


9,992 31 


05 9.99225 


9.99221 
9,99216 


9-27427 


9.27565 
927703 
9.27842 
9.27980 


9.28254 


0 


602 9,99211.28390 
39.99206 
36.4 | 9499202 9. 2866 
999197 | 


9,28526 
-28797 


10,75294 
10.75147 
10.7 5000 
10.74254 


10,74708 ); 


10, 74562 
10. 74417 
10,7427 3 
10,741 29 
1073985 


10,3842 
10.7399 
10,7 3557 
10,7 3415 


| | 


10.7 3274 1 


10,3133 
10, 72992 
10.728552 


10.72714 


10, 72573 


| 
10, 72434 


10,72795 
10, 72157 


10, 72019 
1071882 


10,71745 
10, 1609 


10,7473 
210, 71337 
10.7 1203314 


9 


|Log,tang,) 


Lagarithmic Sines and Tangents. 403 


11 Degrees 


| | | 
"98 fi, | [Log-T, 


| 


: 


. - | 
5 360, 28124 9.99192 5˙28923 0. 71057 
5.121925 259.991 87%, 2007 fc, 703335 
5. 1052858, 9,9182, 201 |: 0,70795 |5* 
5089 9, 28512 9, 977 1929335 |: 9.7000, 
5.073 „ 2804t 5, 99172 9,2945080. 70532 
7 15,058 | 9. 25705 9, ty , 29001 0, 70398 
5,42%, 28891. 9,99 02! . 2% 3 z [1037 DU 
5-027 | 9,2902 9.97.37 P2800 £3701 34 | 
$»01z|y.29150 | 4, „9528, 2999 . C, oo 
45397 pk 3997 47 [433091 32]r0,64870 


| 


— — —- 4 
ph 3 


| | ö 

74.982 0, 29403 9.991429, 3026610. 5973939 
4.9007 „2955 9,9917 9, 303110. 69605 7 
95,29% | 22991 32 „0520.894780 
4.937 1.29778 | 3299127 %, 30052 1c, 9348 33 
4,922 9,2990 9,9122, 3078 170,918 3 
4-908 o, 00 9, 99 119%, 3091 1010, 59089 29 
[+293 [9-30151| 5299111 [9-31039110.95g6% [271 

:9 | .878 g. 302749, 99106. 110810, 6883125 
55 4,8649. 30 397 9,9101 %, 31290 o, 570, 3 
1.8509, 30521 9.99096. 314240, 68575 


! — — EE ; 


— — 


— —ä— 


4.835 9,063 9, 99091 %, 3155210, 68 4) 
4.8219, 30765 9.990 5 9, 31079 10.68 320 
4,8079. 308869, 99080 9, „18000, 68193 
47939-31008 9.99075. 319351008. 07 
2 [44779 [9431125 9,09 9, 3205 810. 7941 
1.7009. 3120 9,90. 9,3218510, 7814 
1752 | 9431309 9,9059 C, 323110. 7656 
9 42735 9,31489 9.99053 9,3243 (0, 7504 
579 83116 4.7250, 31605 9, 99048 9, 32591 [10,07439 
5520609782 2122 4.71 9, 31728 9.990439, 2655 , 07314 


— — — 
| 


— 


— 
. 


_ — — > 


we a2 Tv =t \O wes (4 1 


SON gs" Ie" — ati — 
—— 


G > 6 * * _—_— — « * * 


2 — 


S GN 
Ls 8 tang =, 
| 


Ns. N. T. 


1 


— 


A Table of Natural and 


0 
— 
AK 


| [2127 
92133 
13 


42138 
2147 


21109774 
21169773 
212109772 
9771 


768 
9707 
9766 


2150 
9703 
9 62 
970¹ 


9758 


9755 
9753 


18 


9769 


9704 


9759 
9757 


q 
— 


9754 


9752 
9750 
9745 
9748 

c 9747 
19715 
944 


N. ſi 


N. T. 


— — 


55699 
4-684 9.3105 
4.6719. 


2140 
2146 
2152045 
2159 
2168 
2171 
2177 
2183 


4,618 9.32553 
4,005 9.3 2670 

4.592 9, 32786 
4.580 9, 32902 


2189 4.567 97330179, 
2195 175554 9.33132 
2201 143542943 3247 
2207 2529 +}, 333062 
2213451633476 


2220 * 
2232479 
224404455 


9, 33704 
933817 
233931 
9.3413 


| | 


2250 
2250 
2202 
2268 
2275 
2281 
2237 
2293 
2299 
2305 | 


| —— 


444319434155 
4+431 [9, 34267 | 
44199-34379 


__ »504 [9433591 | 3.98953 


5 9599032 9.32933 
2084 9, 99027 9, 3 3057 
4-057 9. 32203 9,9902 1 %, 33180 


+ — 9.32435 


2 9,98956 
9.98900 


9.98938 


935581 | 
5698 10,64302 
9.35815 
9, 988929. 38931010, 64063 
4 -98886 19, 30047 

9.98881 9-36163 


19.2795 
10. 67066 

10. 66943 
10. 

10, 66635 
310,664 33 | 
10, 66329 
10, 6208 
10. 66086 


10, 65965 39 
10.658443 

— 
10, 65603. 
10.6 5484 

1888255 
10, 65245 {2' 
10.65 126 

10.6500) 
10,64889 [2 


2 


10, 647711 
i o, 6465 3 
10, 64536 
10,4418 


10, 64185 


10, 638 36 


10, 639525 
— 1 


* 
. 
” * 


Logarithmic Sines and Tangents: 4 


13 Degrees. 


2 ber 


25770 49325 ' 38263 /9,98869|9,36:94[19,63606 

2317 4314.5 372 9,98803 9,3050910, 63491 
2321 4.303 9, 3548 19,988 57 ), 602 10.63 370 
2330 4,291 9, 355900, 9885 9.367 3* [+0,63261 
4-250 9, 35698 9,988 469, 36.5 10:03147 
36 2342] 4,20 „35806 9, 98840 9,36% , 63033 
2345 4-255 0.35914. 98834 %, 370˙ 1.62925 
2.245 % 360 219.988 28 3.575262 6269 


300 4235 [4.361 2808.958229. 37 306 ff o. 52693 
Tt 4.224), 362359. 988 10 9.54¹5 0.62380 


2373] 4413 h, 363449. 98870 fg. 355320. . 6a 468 
837% 4.203 f. 36448 9, 98804 , ;7644| 9-62355 | 
2388 4.199.365 549,98798 hy, 37756[10,62243 | 
239! | 4-181 19, 36660/9,98792[9, 37868 9:6213« 13 
2397 | 4-179 9, 367659, 98780, 3797910, 52020 

03| 4.160 , 368 109.987 80 9, 3809110. 61909 
3410] 4.149 3697E[9-98774|9,38202|10-61797 |27| 
012416] 4,138 9,3708 = 9.38312 0.61687 [25 


2422 4,125 93718519.98761 13,38423 10. 61576 
9.38533 10,61 406 


| 


9.38643 [11461356 [19] 
9,3875310, 61 246 [17] 
928853 10,1137 
9.38972 10, 61027 
9,3908 10, 60918 
1.9, 39190 fo. 60809 
„39208 10, 60701 
9.39407, 60592 5 
3699 5.70540 08484 3 
1 


— 


| 


2434| 45107 [9.37 393 
412449 | 42097 9,3797 
14 4,086 9.37600 


69319-36623 10, 50376 


— 
| b 


* 1 —— — — 


A Table of Natural and 


14 Degrees, 


5 2517 
3712523 
9 2531 


2534 
2540 


4677 
9676 |z 


907 4 2614 


2546 
2551 
2557 
2562 
2568 
2574 
2579 
592585 


vi 


4.005 
35999 
3.986 
35970 
35900 
35656 
5947 
59837 
3927 

3,918 


3.908 
643.899 
3.8. 
© i 30 

3.871 
3862 

25852 


3.843 
3834 
3.825 


3.816 
3,807, 

2,798 
| 3,789 
3 [3,780 
3,770 
J* 762 


2663 
2670 3,745 
2676 37 50 


= & 


4 


13+755| 


| 
| 


9,355 1% 
9.38620 


3» 87 2c 9, 


| 738321 


Js 393 19 


9,794 18 
9. * 
939015 
9729713 
97539811 


6, 39903; © 


9,40000 
9-,0103 


9. 40200 


9, 1702 91 


| 
9.40393 


9.40490 
9, 40586 
752 


7540777 
40902 
» +1093 

141158 

341 W 


Log. fi.| 


3, 3841©| 


338921} . 
939021 
2391245 
973 220 


9.98 558 
998551 
9.98544 
9,985 38 
9,985 31 
9.93524 
9.98518 


| 


063 9,985 11 
9,93504 [9,42053 
9.98497 6,42754 


L g. T. 


9739731 
9739838 
9539945 


910159 


55 | 1, 40208 


3.40372 
papa { 
| opt 3 
9.40089 


| 

9.40794 
yy 1 
9.41004 
7741109 
9.41213 


9.41318 


9.41422 
94525 
J 41929 


9.41938 
9-42041 
9»42144 
9,42240 
9.42340 
9.42450 
9.42552 


Log, 6. | 


__—. 


5.40052 


4 9.41732 


— | 


9,4835 


| 


10, 60269 


10,60162 


10.0005 4 


10, 59841 
0559731 
10, 590 
10, 59522 
10,59410 
icy 11 


10,59947 | 


10,59205 


0899 10. 59100 


10. 58995 
10.58 890 
10. 58756 
10.5 8082 
10.58578 
10.584742 


10, 57549 
10, 57448 
0.57370 
1057245 


rel 


Logarithmic Sines and Tangents. 407 


== — — 


15 Degrees . 


Lys | 


2» 


Log-T, | 


| 


1 * 


| 
3,727 [941 346 |9-98494 [3-42555110.57144 ; : 
[3-7 19[9-41440[9-98404 [42950 [10,.7043| 
3-710]9,415 34 | 998477 [9943957 . o, 56942 
941625 |9,38470[9,43157 . 0.56842 
9.41721 [998463 9,3258 fl0. 56742 
| 3-41814 [9,93456 774335 0, 56642 
5,6769, 41907 9.8450 % 42458 [10,565 42 
3.065 9, 120009, 98443 |9-43557 [10256442] 
323.659 9.4209 9,984 36%, 43057 0, 63437 
3.6 n 9,98 429 9,4375010, 56243 
a | 
3-542 [3.42277 9.98422 |9-43855[:0.56144 
3-634 | 42369 | 99341 5 [9-4 3904 [10.5604 |3” 
3626 [3.42451 |9,98408 11,4405 3110:55947 |* 
9542553 9,98401 9.441500, 558483 
3-009 19,4 204 . 9,9839 944249 [10455750 
3-601 [9,427 35 |9-99387 19-4434 -[10,55052 
| 3-593 [9-42826 8.90580 (9.44445 110-5554 |2 
3-535 [9-42-117 9,9837309, 44543 10, 55450 
„5779. 4:00 9.98366 944041 (40,55358 | 
2,569 [9,43097 9,9839 9, 44730 10, 55 261 


3,561 [0443187 9.98352 9,4483510, 55164 
558 9.43277 9.983459, 44732 10.5 50) fl. 
3-545 [9+43367 9,9338 9,4502 o, 54970 
1 | 13-537 [943457 9.98 531.4512610. 54874 
| 32] 3*53019-43546|9,98323(9,45222|10.34777 [11 
3*522] 943035 SY 30094530 10, 8468 1 | 


3»514|943724 [9+9930919,45414 [10,5458 
3,5009, 43813 9.98302 9,4551010, 54489 

+498 | 9,43901 9,98295 9,4560610, 54393 
9.43989 9.98287 9,4570210. 42%8 


'N T. | Log, i, q [L"g.rang. 


* 


„ 


Tre ons pon 


A Table of Natzral and 


3.372 3453 


3.358 3455 


[39350 94 


3+44519-44315 98 527 
9.46029, 982360. 4665 10, 53633 
291 413,43! 9.44639 9.99229 


3305 9.45401 998162 
25 
5631[9.981 47 [3.47494 


| 9.45797 [*0254202 fee 
5 298273 _ 10,54107 | 
„98260 


9.982680 


24. 


540 10. 53540 [45 
9.923222 340554 10, 5346 


470 


9.981540 


9.98 140 9.47579 — 


72999. 9800 48755 3 — 
46831. 98032 (6 483g 10,511 g 


* 


745219-97977 9.49474, 50525 [3c 

4 2 77969 245563 [1950437 [3 

Ws He > 9.97951 0,9551 0, 8038 [35]. 

' . — 9.97954 9.4976 - 50260 331 

: EE 7 . — 0, 501 21 
j;0s; <4, 3 97938 [9,4991C 


96323168 
Po p53" 31751]. 
12 35329 3151 


my | 
—— . 3, 3204 
: 550 — 321 2 | 
1 583220 
6 ) 16/3226 
— 95151233 | 


or 


513 984. 
0875 511 ö 


5 ebe 


A Table of Natural and 


— 


— 


— en mg. 


18 Degrees, 


Mi. 


* 


31 
3131 
3137 


N, ſi, 


3992[9509 | 


3098 9507 


31039506 


31099504 


93115 


9502 
3. 20 [9500 
26 [9498 

9497 


| 


— | 


329 
310 


3316 
3323 
3329 


3349 


9 3355 


3302 
3368 
3375 


381 
3388 


3394 
3401 


3114 
3427 


[3433 
0[;440 


| 
Nr. 


— 
2 


3336 
3342 2,991 


1420 


3.06 


3-050 


gr 


3,003 


2997 


2,985 
2, 980 


2,970 


2-957 
2,340 


2,963 
2,962 


2,951 


3,014 [949806 


9,49882 
9.49958 
250034 
950109 
9.301838 


9.50260 


2,9409. 
1407 


* 8, | 


| —_—_— 


| 
3-074 :9-49037 9, 97816 
3-058 9.49114 9,9780 
2 9.49192 9,97 800 
3.056 9,49270, 9,977 32 
9.19345 
3-044 9,4423 
3.038 9.49502 
3.032 9449577 
3053. 026 9,9653 
3.020 9, 49730 


9.9778 
9,97 778 
9.07760 
9.97758 
979/750 
997742 


9797733 
9797725 
3,977 16 


9.97691 
9.97083 


| 


9.51220 
9751300 
9751392 
99514 3! 
9,51503 
9.51648 
9751733 
9551818 


9,5 2072 
352157 


9,5224 


9.97708 9552 26 
9.976999, 52410 


9.52493 
9552577 
9,5 266 


666 9,5 2745 


* 52828 


9.51903 
9.54988 


— — 


| 


i 0.4509 3 


10.;8522 


10, 18351 
10, 48266 
10, 48181 


1 0.47842 
10, 47778 


10.47590 
| 10, 47500 
10, 47422 


10.4755 


19,45779 [5: 


1 o. 484 37 3 


10,47074 | 


10.4738 
10, 7171 


952995 


219-5291 2 


10,47088 
10, 47005 


25 3078 


9.53101 


9.53244 


60609.5 3332 


1040922 
10, 46889 


10, 46786 
10, 46573 
591 

o8 


Laritbmic and Sints Tangents. 


2 


19 Degrees 


N, it, 


3280 
285 
3291 


1302 
"” 28 


6-5 


* 1329 
29 


| 


40 


3258 
3263 
269 
3274 
90 


296 


2 33139435 


9454 
2452 
4450 
94 48 


[3348 
2324 


9135 
91310 
9429 
33359727 
53419425 
33.009423 
$35 +[9421 
33719415 [356 
[302 pp417 : 


—— 


1 | 
3373 
3379/9441 | 
3384'g10g 

+313 390-940” 
» 1295 9405 | 
. 940? | 


| 


3406 
571412 


3413 


9399 [36 


"908 6, 


— 


0. 51 gc 
gn [9-51 374 


; 5 . 14 
„581520 
7725159 


3081605 


55738 
„sio 
178. 
551955 


9.5 2027 


„5209 
9, 4 2170 
„72242 


19492343 
9, 82385 


9.52456 
9.526 27 
9.52506 


— 


9.52740 
9. 32810 


9.5288; 


945392: 
9.53091 
9553161 
9,5˙23ʃ 
53:01 


| 


| 


9,5 2669 


0.493370 


9.97862 
9.97557 
9,97 545 


6 
97507530 


2,97 527 
9,7818 


9.97510 


„9750 


„9740. 
197495 


9.07474 
9,97 45% 
9.97157 
9,5748 
9.97459 
9507430 


597421 


9,0741 2 
9.97103 
297324 955275 


9.53738 
953820 
98.5 902 
9.5 398 
9454005 
2554147 


525447 


954552 


9,5487 
84252 
9.55035 


955115 


9.97 385 6, 5835 
9 97376, 55424 


9.47 507 19,5551 3 


5973 8 


9.5867 


9,9739 9.8 575 


9.77330 ½, 858 30 
9.97321 9.6990 


9.973129, 65 8 


— — 


tes 6. 


7697303 %, 55067 


L g · T, | 


9-5 6330 
1/2547 © - 
9.5279. 


9,5751051 


— — 


0.46261 JE 
10, 461795 


0.60.0 
10.4594 


10.45 280 
545205 


10, 25040 2 ö 
9,4472 


9.44565 
0, 44450 


4.52951 ($497 255 9.555 3004446 
106,44327 |11} 


10, 4428 


70 Degrees 


Vu u 


1 wh. 4 


0, 46000 (f= 


0,3585, * 
9.54225 205 
9.54309 
9,543 0.6, 


0.4528 U 


0. 4496, 
0, 4458 [2 * 
0,4480 


$0,44645 1 


0, 4409 7 

10,400 [ 5 | 
0,1011 | 7 
10. 59793 341 


WI” = . ET 
* 


6 347219377 


3477 | 


2361 
9357 


935913702 


3755 


370d 


| 


3831 2.6.5 


2,616 


] 

2,690 9954127 
:.6g1 [y-54195 
2,026 9.54263 
282, $1 054331 
2,076 9.54398 
2,072 9,540 6 

2.667 9.54833 
— 97554601 
2,053 9954781 


—— — 


2,648 9554802 
2,644 9,54866 
— 4 954039 


9,8 2950 


555 268 
3828 2 .611]9,55334 


9.97294 


N 


99727 


2 9,97 257 
99724 


9.97238 
9,97 220 


997 284 


9,97 21G 
„54059 9597210 


9972011 
9.971808 
9.97182 
997172 
9.97162 7 


9797029 
9,9700 


9,5614 
586224 
9, 56402 
956 281 
9,6450 

56537 
$5661 5 


6693 10, 43 30 


10, 43854 

10543775 
10.4369 
10, 43619 
1043541 
10, 43462 
10, 4384 


10,4329 
10.43151 


- 
1 
a A. — — „* 


10, 43074 
10. 42596 
10. 32919 
70.428. 2 
10.4274 


10 4268) 29 
0. 2611 


6610.425345 


9.97097 9.5 7772 
9.97087 [9.57848 
9,97078 
9, 97068 


638380 


0. 42381 
. 


8 


10. 42457 123 


21] 
=! 


10, 42304 
1042227 


10.421151 
10, 42075 


800010, 42999 
8076 10.4923 
10, 41847 


10,1771 
0.41695 
10. 41620 


— 


1 


5 


3 


1 


Log.tang 


161 
— 


— 4 


2,002 9.57465 9.970 10,58456 
2,598 9.555319, 97000 95885 


9.55793 9,9596 
| 225370 [3»55858/9-96 51 [9 


606[10.44 393 


4.4 |; 


19,41544 
10, 41409 


— 


10, 4318 
10, 412 
| 0,482 


2357! [)»55923'9 9594 [9559981 


10. 41018 
10. 40944 
, 


* 


9.5675, 
5682 


. | 949045 
10, 40577 


| BY 
1.40794 [3 
. 0,40720 


A Table of Natural and 
* 


— — 


22 Degrees. 


3877 


3883 


3888 


513393 


389 
3904 


266 [4057 


9217 
9215 
9212 
9210 
9203 
you 


IN. 6 


N. T. 


4043 


1097 
014104 


5 
41,138 


34159 
[4172 


. 
922 
5 9222 

38729219 


[ 


050 
1063 


4070 
$77 


1111 


1125 
1131 


1145 
1152 


4166 


11792. 


4186 
1193 
— 200 
12072 
12132 
220 
1227 
1234 
4241 |2, 


2.473 
* 9,5451 
2,404 957523 
9.57583 999050 
2.456 9,7638 
2.452 9.57 Fo 
| t [2,444 9,55 23 
2,445 9,578; | 9,99629 


2,460 


2, 42009, 
2,4160 
2.412 
2,408 
2,40. , 58 135 
, 4009, 58497 
2,390 


108.8 


FI 
9.57 388 


2, 436 9.57959. 


| 

2,4 20, 5 8008 
4115 2428 9.5 8070 
2,424 


568131 
9.58192 
258255 

5.68314 

9.58 375 


9.53557 


89, 58678 
9,587 38 
96.8855 


9,5868 


| 


9.957 11 
9.95701 
9,9569 


9,9570 
, 95550 
9.956 50 
9.36639 


30618 


9,96566 
3-5 

545 
9,965 35 
9. 36524 
3-90514 


— 


9, 90503 
9.96493 
9.9048 2 
3 9.95472 


1 —. . — 
3155919 9, 90450 
369 9.58970 


9.507 50 
9, 00822 
09, 60895 
„500907 
9.01039 
9.01111 
701 l 34 
9,61 256| 
9.61328 


9,614⁰⁰ 
9.61472 
9,61543 
9761615 
9.61686 
9.21758 

561829 
9561900 
961973 
9.62043 


LogT. 


9.60677 | 


10, 393225 
10.392505 


10.3977 
10. 39105 


10, 388 16 


10, 38743 
10. 38671 


10, 38660 
10.385528 
10, 38455 
10, 38385 


10. 38313 


10, 38241 


10, 38170 


10 38099 
10. 38028 


n 


— 


9 62185 
9,62259 


9.62114 


10,3788s5 | 


0, 37874 


9,0 2408 


9852835 
9044 © Gabog 


85 


10, 37744 
10, 37673 
io, 37602 | 
10, 37531 
10, 37461 


10, 37390 


10, 37320 
10. 37250 


— 


Logarithmic Sines and Tangents. 415. 


| | 23 Degrees 


— 


— —— 
— — — — 


* — —— — 


M N, f, N.,. | _ fi, _ 


I — — — — — —ö 


| 
39099203 4248 2,3549, 59217 [9.96397 [9.62820|10.37179 [5 
391 519201 4255 2.350 [9-59277 9.96386 [9,62390|10,37109 
9200199 4261 2, 3469, 593369, 9637 59,2950 [10,37039 
3920197 [4268 [2.342 950395 9.95365 9.5775 10.369595 
9393191944275 2.339 , 9,594 349,963 54 9,6310010. 36899 
1139369192 4282 2.335 9.59513 |9,96343|3-63170|10,36829 
3394291904289 2,331 9.59577 9,963 329.6324010, 367 59 
15 39479187 [4296 [24327 ,9,55531 | 9.95321 [9-6330910,36690 
17 39229185 43032, 3239. 59690 9,9631 9,6337910, 36620 
25 a is 310 gap 19597 40 9,96300 9963449 10,36551 


1 
3 
* 
7 


— ; — 


— — 


| Hy 43172, 316 9,5989) |9,96289 > 03518 10,36481 

j23 3968917 4323 2,3129, 59866 < 6358710. 36412 
253974 9176 43302, 309 , 599249, 96267 9, 63657 10. 36242 
2739791744337 | 22305 9, 39982 9,962 56 <p aw 10,3627 3 
Is 3984191 71 [4344| 2,301 9,0041 9,962.45 9,6 3795 20. 36204 


31039900169 435 72.299 9, 60099 9,5623 4,63864½1, 36138 

3339959167 435802, 294 [9.60157 9,6223 9.6553 | 

_ 135;4900 9164 [4365 2.290 [9.60215 9,96215 9, 640 10, 35997 [25 
37400 9162 43722, 287 9.60272 8 10,3028 23 
391401! 91604379 22283 9.66930 95619 190 e Matte: / 


| 

ET 

41 WF A 57 [4386 [2279 | 9,60388 n 

4340220155 [4393] 2-276 [9,604 45 9381664277 10. 35722 
45040279153 4400,27 2 50505 9-961 56 9:64346|10,35653| 
47 40321 504407 2,269 9. 505609, 95148 9.64414 10.35 585 

2 140409148 [4414 2.265 8 9,6448 310.355 16 


—— — 


5140430145 44202. 262 9.60675 9,96123 9.64631 |10,35448 
53 4048 914304427 2.2589, 60% 23 . 9.64020 10, 35380 
55 405491 41 (4434[2+254 | 9,607 39 19-52 101 19,64588 |10,35312 
5740599139 4441 j2-251 |9,60846 9,96089 9,64 5610,35 29 
594964191 364448 = 2.60903 9.99078 9.64824 1.35175 


* 


0 i Log, ſt, | | | Log, tang. 


65 Degrees 


A Table of Natural and 
24 Degrees, 
N, ſi, | 1 8, Logs I 
8 
40709134 2, 244 9.60959 9, 95067 9.6499 , 30109 
0759131 2,240 9,610: E | 999950 19y,94y00L 1953503957 
10809129 2-37 9,6103 599944 9,5502810, 349735 
1085 {9127 |++7 [2,233 9, 61128 490933 |$y,0, 036 |lo. 34904 
1091912 2,230 9, 01183 9,044,503 10. 348305 
40969122 2.226 9, 51242 0,001 1%, 6523110. 34708 
4:04 (9120 2,223 , 61 298 3.399202 28 10.3770 
1107 9117 2220 9,64 354 9,9998, 53 36510, 34633 
1112915 ; 2,210 'g9,61410 |9»95979 9.65433 10,3450 
E 17 ET 192,3 9,04 465 | 9195905 3405501 10.344994 
— — — Rs | © | — _—— 
14123011 2,259 9,61 522| 995953 [5265558 10,3443" 39 
4128 9105 f 7,206 9.61578 995942 9,6563510. 34354 
41 35 [910% |1 — „57633995931 [9-05702 10. 33297 
14138 910 4577,75 516595919 766769 10, 34230 
4144 [9100 [+553|42+95| ,91745 | 495 908 [9059 37 10, 14163 
+14 2 [3996 | <2+y-|.1,61803| 9209913925903 10. 34096 
1152935 5105,68 271885 [9»05970 10, 31029 
1609993977558, „51911975873 9.06037 10, 32962 
260 out e aps „1965 9.23264 5,0010410. 35895 
70 9262 |t3 » (434 /Y] ),02021 | 993850 5.0017 0, 33829 
— — ws 5 
11769085 275175 9.62070 9.958330), 66237 10, 33762 
1131 [9953 2z1721.3,0213: 9 25027 9.00 304 0, 33095 
1809081 mY „62186 9,259 15: :y,00370 0, 33629 
1191099975 7251 5.62241 5.95603 00437 40. 33596 
4197 9076 ., 1029, 62295 9,97% 9,0503 10, 33496 
4202 9074 2179.602350 955 ee 430 
4207 9071 <+l59 19,0210; 9,95 708 |9-6 3010, 33364 
| 4212 9069 jt > 1529.624569 9.95757 9.0070 2 10,ĩ 332975 
5714216 [3055 [+954 22149 [9,52513 9.95745 <> 10,3323! | 3| 
223 9064 159 — 9 —. 995753 Os 6834 10,33165 
N. a Nr. | 1 fi. | Log, tang, 


Logarithmic Sines and Tangents. 


4323 


9051 


9051 
9049 


19047 


9044 


9042 4723 
9039 


2 


| 


9037 
9034 
9032 


N.T, 


9059 (467 
(9950: 


9054 


902g 
9027 


90244773 
9022 


2019 
9017 | 
70¹4 


9012 


4666 


4680 
4687 
469. 
4702 
4709 
47:0 


4730 


2,142 


2,139 
2,130 
2,1 29 


2,125 | 


2,12 


2,120 | 


2,117 
2,113 


2,101 
2,095 9563425 
2,091 9.63477 
2,088 [4,035 09,9518 
| 2,085 9,5258 
2,083 835 


2,79 
2,070 


2,073 


| 2,071 
2 


2,064 


067 


9. 


2, by PEE 
2,107 9,63212 
2,104 [903265 
»03319 


9,62622'9,95721 
026076,9,95710 ; 
9,027 30'9,9509d 
9,02784'9,95686 g 
„62337 9,9507. 
243» 
, 62947 9.0505 
202998 9.95038 
9.630520, 95620 
9503 1060.956614 


9.9565 


9.95503 
9595591 
995578 
9.95567 
395554 
9.95542 


— 


9563741 
9.63793 
9.53845 
—b 3950 
9.64002 
9,6405 4 


9.64106 


5 9,04155 


CO, fine 


9795530 


9.95506 
—⁴5 


9,95482 
9.95470 
9495457 
9495445 
295433 
9.95421 
9.95409 
9,95 390 
9.95384 
9.95372 


Log. S. 


10,33099 
6 10, 33034 
5 10. 32968 
0,32902 
0, 328 36 
22—＋, 32771 


1.32205 


0.32574 43 
10. 32509 5 


9,67401 


9,675 56 
9,6762 1 
9,67686 
9.0775 1 
9,07 81 7 
9,07 88 2 
9407947 


——_— 


— 


10,3237 837 
10,3234) 
10, 32248 
10, 32183 ; 
10.321 18 ö 
10, 32053 
9,6801210, 31988 


| 
t[1,32443 35 


| 
ö 


| 


9,08076|£0,31923 
97558 141 10, 31 850 


— ß — 


9,68 205 
968271 
9-03 335 
9,08 400 
9,08 526 
„68893 
9.6865 7 | 
9,68722 


1.31793 | 
[0.31729 
10,31664 |; 
10, 31600 
10,31535 
10.3147 
10. 31405 
10.313428 
10, 31278 | 

0.31214 


co. tan. * 


— — 


—— 


. A Table of Natural and 


— 


ꝙ—ö— 


25 Degrees, 


— 
„ »- 


3 


1 —. rn 


ö 


149 
5; 


OC Nm iv = 1 


__— — 
F wv 


— 
Wo 


| toe 4] 
37 +40 
59 4455 18,57 (34 v 


4 \ 049 5 


47 


en 


[57145 32j8 
59 


443+ | 
4443 

4449 (595: 
145449517974 
4459 [3550 4982 
4404 
26005 


7002 
$9495 911 


| 
| 


454500 
280 pt 4H, cc 
150 2 nd 


4518 392 * 


4521 95069 7 
48565510 50% 


4557 


99115091 


8914504 1,06 


| 


9.6.3613 


3.64416 


09,6519 


3.6102 l 
364073 


: 1 
| ( 


33 [2,019 9,647 34 


24016 9.64775 


7 2,013 9.04525 


2501 O 9765 4876 


. ſi. 
95642100 


9.64265 5 
9764515 19595 


3 364465 of 


79.665700 


9.9524 


7595235 
9.95223 
9.95211 
9,9519 


Log.T. 


| 


9.638 50 
„68914 
3,68970 

2,6 042 


3 


2 g 92 


* 
5. 692 27 
11,99 361 


5.69424 


——— | 


9.69488 
9.69551 
969615 
9.69678 


24907 9,6149270 9.55184 9.69743 


+369, 2 a, 9067970 
490 3 


1 © 65028 
1599388 Cc „65 TL 
[Lf 


5 


1 — ꝗ ꝶ— ͥ— 


| | 


8935 3023 1,980 1 
5 8722 3935 . 986 9,65 280 
— £24 + 1.9% 9.65330 
9.05380 


7 G9! 


- 12,654.31 
3.65480 


* 
1,908 


1,864 


77 9.05129 


— 723180 


1 6575 3,055 30 
£ 

555 580 

7565630 

9565680 


9795172 
75595 1 
9.95147 
995135 
9795122 


LAN — 


9.95109 
2.95030 
— 084 
225076 : 
9,95059 
9,95045 
995033 
995020 


9.69805 


68 9.69868 


9,099 31 
969994 
370057 


( 


95701 20 
9.70183 
| 9,70246 
6,0309 
| 9,7037 

9.70435 
9.70497 
9,7 9500 
9,70022 


| 9.70685 


10, 31035 
10, 31021 
10, 30957 
10. 30893 
to, 308 30 
10, 30766 
10. 30702 
10, 30638 
10,30575 


10. 30448 
10. 30384 
10. 30321 


10. 30511 


10. 30258 


| 10,30194 


10, 30068 
10. 30005 


10. 29947 


10, 29879 
10, 29816 | 


10,29027 | 
10, 29505 


10-29377 
10-2931 4 


0. 30131 


(10,29753| 
10. 29690 


10. 29502 
10, 29439 


23 | 
21 | 


Log. tang, 


Logaritbmic Sines and Tangens. 419 


* — 


27 Degrees 


M N. i, | N. T. Leg fi, K gl, 


— nt —— — — — — — — 1 


1442 3908 5098 f, 9 1,652 | 3.94581 [9.737 47 „29252 
3054759065100. 958 , 779. % 9.7 8 „20183 
515529035113 ½,9 5 9.65828 9,9 75,7, 239,27 
755 88 90 51201. 952 9,55877 9,8493.) 0% 34 | „2055 
 9[+50338g8 [51251.950 |3,65927 9,9790, 9% 10, 203 
11486808895 5135.47 [9,65976[9,94917 [99716 y| 0.28940 [49 
a $573] "892 514219449, 66025 [9.94904 [37 1121 [,0,28578 [47] 
| 151457818890 {5150 |:,94t 9.65074 9,94% | /.71183|.0,28816|45] 


17 1583) 5255 [5137 [1.438] 3,661 23 | 9,4878 9,7 1245 [0.2875 („ 
1958908884515 da na 9.948659, 7 1307 ff. 25592 


— —2c3:̃ —— —— — 


f 
559406882 5172/1,933 09,6622 | 94952 [9-71 5.0, 288% 
| 4225 8579517793, , 838% 7h, 
5460,88 765 8 1,027 9,199 :335\,7t;zg3]r0,75 500 |: 5 
460, 857315194] % 5.66567 942.455 . 
4014/8875201 „023 „864 6,4 9, 16: 6l: c; 8 
4620/5868 | 320g 1,9 99.564649. 0,71 67% 10,25321 (29h 
— 75240 9 3.6651 ,|36)477T%7 740}: 0.28240 7 
4630 8865522 191 9.6656 [999+ 7% 57180 19.2 2819825 
| 1635 3460 5231 15011 9.555 . 97740 9. 80 (29,3023 
"bf e 52.31, 908 9, 6605 8 9473319971924}: oa2d 75 121 


N 


9,697 06 994729 9,71986 | 10, 28013 19 
9,607549˙9 707 977204719, 795217 
> [9.66892 9,9 0 9.7210, 10, 7891 15 
9658 50 9.94650 9. 7217010275 29 13 
9-66593 |9»94C67 9.7 J., 475i 
9.66746 9.94653 9572292110 27707 | 
9.66994 [994640 9, 72353 0 427046 
9,670.2 994027 9.72415, 7863 

9.67089 9,9613 9.724750, 62 434 
9,071 37 [44-946c0 0 9.72535 } 5.27403 | 1 


. Log, ſi, | 


— 


62 Degrees 


% 
| * 


A Table of Natural and 


28 Legrees, 
Ju | 


| | | | | 1 , 
N, T. hag fi. won T. [6 


F 7 | | | 
955718. 9504 580 9.72597 10,27402 
5,6721 .94573|3726- 810-27 341 
9.6727 294559 572719 {0,27 290 l 
9.65 320! 99945 :* |»/4780 10, 27219 
7174 9,9182 9,7284210, 27155 
9,67 307 9,9419 2902 0. 27098 
2-07 46819594525 3.72962 | | 
6.67515 9.944920. 7 3023 |10+20970 
1,858 9,67 562 9,9447, 3083 10, 26010 
1,856 ee 9.73144 10, 26855 


: p 


„879 
5876 
1 | fl 874 
37 1,671 
1,860 
1.806 
1,863 
31,867 


— — — 


1] 
2 

= 
351] _ 


10. 26795 
73265 110,207 34 
9.73325 10. 26674 
9.73 89 10.2614 33 


855 9.67656 1,94 451 
2 9,6770 9,9437 
51,8 oy 9.7749 394-24 
4 45 9.52798 9,944 8 
5, 12543 9773,43 „73445110. 26553 

$49 „578899, 94 28267 506.0. 20493 (29 
122 9,5 9369.9: 36949. 355610. 26433 7 

835 9.97982|9,9+355 | +7 3626 2037325 
511,832 N 6Po2) 9. 287 10. 2021323 


9.914 
18,0 9: 050751943 x: 27 1997 37 47 10.2025 3 af 


— — — 
| | | 
707 2725477. 87 t 994301 5 3807 0.20193 19 
; 5 5478825 9,63 167 9,9300 v 3867 [10,201 517 
5 56,822 9,63213 10. 2007315 
19.2001 2 131 


9-9 +296 [9,7 3927 | 
5769 5403 2 | „5825919. 0: -72 19,73937 
701 15117 


3,7 3204 


1452513758 
4$39;2756 
14830137 
4345 


5501 


7525 | ! 81; 


5516 Punt] 


$753 —— 1. 
50 3531 ** 
$747 5559 2,505 


„68305 
9-835 
9.68397 
o| 1,684.13! « 
58485 
5.68534 


—ů— 


d #1 


9.94255 
9.91244 
9.94230 

9,4217 
9.94202 
9.94180 


——— — | 


Log, fi. 


2,4040 
74106, 
9474160 
9, 7-226 
2.74255 
9,74 345 


10, 25972 
10, 25893 


10. 25833 
0.25774 | 


10,25 714 
10, 25654 


„11 


El ww 


Log. ta ng 5 


Legarithmic Sines and Tengants. 


\- 
29 Degrees, 
ee e eee eee „ N + | 
N, ſi. er. U 8. La FT; | ö 
ee . * 
— TE e « 885 _— 
7146849 1,802 9,58 570 P. 0 1, f 3505 fo Þ 
455/1800 eee 2: £57 1494] +25335 15 
373% 5% | 13797 Oe 27 ajpags 7550 n 5 
18051376 550 2735 9. 8 4. ) 6 | e 
70[873, 5577 1379+ %875, „94119 4 28755 
870 87 20 584 179 85 85 Ch 359410, 9 747 ' a 227 * 
8727 56 „60852 9.42921 1374 0 Þ +5, 238 (47 
3724 56900 1,75 9 09, 34070 | 3,74 | 53179 [45 
8722 5507 "354; © x 5 54 0 „48. 2520 47 
$71G 561 > 15780 g 2,40 9.74.3 e 
9710 552 1775 9.670 9,0403. La 9,2730 3 
57 5030] 1 $754 at ore a, Holt 3 234% 
871% 5633 577 „ 0144 95+ 3 (12424593 3-1 
22 5041,77 „69 6* 5.200 2 — 2 10,2487 * 
Tos 5232 158 6921 509 570 257 2 4 4 „24, * | 
7021569» | 1,765 [236925 [3.9356 [3,7529 Wee 
9; 55, 5669 ig763 fg zoc 9.9394. 2 3937 127 
496 7070 1,76 Jv 4345 9.9393 Y „71411 10.4 ,) | Y 
+ | 59-1593] 1,759 ¼ 3, 4% . 3 42 | 
9006 1 756 prOggs: 875 5s 91. 
Hah eee Healey What 
OY | 
6875790 1,754 ;9909475] +9 800, 353-192 $412 
7 art 797 | 1,75 53196358]. 9357 13,7 1, 455 
151 | #2746 9.6 6715.9 802.7570 | 264094 
„ 679 572 1.747 3.6 5 0.3.5 75-0, 19.4443 
-970157 0] 1,745] 109655,903" 35% 4. 
5-41:73%| 17421999 9 488% 0 
260 5740 1740 . +697 4 |: 9 9-932 9. 7537 — 7 59 
1871866515754] 137 37 [909787 | 33237 8+ . 7GÞ's: [© 2: #006 
47 217664 579: .— 75 MEA? ＋ Vid} 77A 1 63 «| "2439+; 
S942 3770 Ou 711,735 698 9.3379 * ;+4 p [19923885 
——— | | F 
by ber. N. T. co. ſine 8 . eo. tan. eee 
{ 8 | EN | —ů— 
60 Degrees. 
— — —— ——— — rr — — 
8 - 


— — — cp 


K 9 ů — — 


— — 0 
— 1 
„ — - 4 — * 


+ | eo — 9 
9 1 - = — K 
— = I 3 
Gs 3 4 


A Table of Natural and 


— 


5 


| | 
Log, S, 

725 9,69919 908745 
1,728 9,69962|94937 31 
1,726 9,70006|9,93716 
1.723 9,70049| 9,93702 


1,712 9.70267 9.93628 
1.710 9, 70310 99366 3 


1,703 


is 10a 6005933 


1761178591 
4915122 [3588 [5965 [1,670 
fer 5127 8585 $973 1,674 9.70994 9,93374 


71514213570 [5996 
595147 [9573 


2 


1,707 9.7035 9.93595 7675410, 23245 
86: * 9,7039659, 93584 9.768 12010, 23187 
9,93569 9.76870 

9.93554 ˙76928 10, 23073 
[1-698 .705259,9353909.76986 
568 [9,935 2419,77043 10, 23956 

19, 93509 9, 10110, 228982) 
1,5929. 70654 9,9344 9,7705910. 22840 5 

71, 6899, 505069, 93479 9.77 21610, 22783 |23 
1-687 9, 0539 9.93465 [9.77274 |10-22725 fal 


1.685 [9,70784 | 9,93449|9-77 332|10,22668 |19} 
4315107 [8597 59411, 6839.708249, 93435 [9-77 389 
4515 11 218594 [5949|1.680 9,70867 |9,93420|9,77447 |'022553| 
59571, 6780. 70909, 993404 9.77 504 10,22495 [13 

9.93389 977865 10.22438 | 
9,77019 10, 223808 
5351326582 598001, 6720, 7 1026 9, 933599, 77676 10, 22323. 7] 
55651378579 6988 , 669 9. 7 1078 9, 93344 N. 7773410, 22265 5 
428576 1,668 0,7 1120 9.933299 7779110, 22208 3 

u 71163 9.93314, 7784810, 22151 


10, 2376857 
10, 377055 
10.2365 253 


1,721 9.7009; 9,9687 9,7640510, 235945 
1,719 9. 701369,9367 20, 7643510. 23535 [49] 
1,717 9,701 809, 93657 9,7662210 23477 47] 
1,714 9.702239, 93643 9,765 8010.234194 
10, 23361 4% 


10, 23303 


, 8 


— — 


10. 2 301431 | 


10,22610 | 


be 


Logaritbmic Sines and Tangents. 


9558 


85700012 
5507 [6020 


6213504 926 


8 561 [6036 
£014 

$53 
3552 6060 
85496068 
8540 6076 


605 2 


. 


9.71456 
9,7 1497 
9.71535 
9,1880 | 


9.71622 


3.776% 


1,63) 
1,630 
1,628 
1,626 


>| 1.624 , ,71952 


1,922 


1,618 
15616 


1.613 


1.711 


1,609 


1,007 
1 .605 
1.603 


| 1,601 


79.7 3 

9.7 1746 
5717875 
171829 7 


1,620 [y,72034| 


71707 


571870 
77921 


21293] 


72075 


2572157 
972197 
9.72238 
9.72279 


8 


NT. 


9572319 9,9288 
9.72360 9. 92865 
9.724000, 92849 


9.92975 


9.92944 
9.92925 
9. 929.3 
9.92897 


3572110 9.92959 


| 9,7819 


006| 9,78 e 386 


Log, ſi, 


9.79550 


| 


9.78218 
9.7830 


76 9.28362 


22842 
9.78470 
9.78533 
9. 8890 
9.78046 


9.78703 


9,7876 


9.78817 | 


9 78873 
9.78930 


977043 
9.79100 
9.79156 
9,792P2 


9.79269 


9.79325 
9,7938 
9579438 
9.79404 


10, 22094 
0, 22036 

0. 21978 
10. 21922 
10521 865 
* O5 21 808 
10,2171 
10. 21694 
10, 21637 


10, 21580 


10. 21523 


10. 21466 


10, 21410 


h 0521353 
0, 2396 


10, 21239 


o. 21183 
10, 21126 


0. a to69 


10, 21013 


1 0. 20950 
10, 20900 [1 
10, 20843 
10. 20787 
to, 20730 
0. 20674 
iO, 206; 8 
10. 20561 
10, 20505 
10, 20440 


* Negrees 


W of the Table. 


ift. When the 


Þ 60 minutes 


3 — 


Y 


7 


which you want the ſines and 
at the top of the table, the minutes are on the left hand — — 


Winning at . 15 3s 5» 7» 9, Kc. 


- a 


of, is 


unn 


151 


: 9 — 
K — 1 ——— - 
_ — _ — — _— — — _- 
— = 
> — - - — — 
— 


* I * 82 , — 8 — ""— — a 


. 
— — 


— ̃ "OY 


— 
- 


3 ——— + 


v 


A Table of Natural ond © 


3581" ,572|9,7296 
51636601, 5709.7 3001 9,961 1 [9,50 19 fl 
537584325374, 568 2.30446 


53 73239 9992514 [9.8c 


9.92818 „7956 10,20330 
— K 57 1005. 

9.72562 [492789 9.5977 5| 10 

2602 [3.92779 $.7989! 


10, 109858 


2225 


73278 — 5 _ 
3.733129 92451 9,808 30 
55 | 9492466 9.8089 


7311.5449.73513 
4811543 73762 


489,5 :9] 73591 | 


et the right han? 2. of the page, beginning d 


counting upwards, with 1, 3, 5, 7, 9, Kc. to 60. 


And Radius of the table of natural fines and tangents, be. bring 
1, the fines, tangents, &c. muft be conſidered as decimal numbers, 


all natural rangents above 
will be mixt numbers, 


45 degrees, will exceed Radius, that is, they 


= AM ths ** 4 4: Dat as os Hato 


| e 1 8 
75 73630 0 92350 . $1279 1551 72¹ . 
5 890 923347380 


9.9231 809,8 1390010, 18619 
7575609. 92 301 [$1445 [10185 54 
7378500, 92285 [9-81 5000. 18495 

68 9.81555 0.1844 


1,517 
1,515 
1,513 
1,511 
1,509 
1,507 
1,506 
{ 2,504 
1.502 


10, 1800 
1017894 
9.92085 [9,821 38 10,1 7835 
92068 19,8221 5 — 
0, 17675 
10. 17620 0 
1.17565 " 
0,1751015 
9.47436 
0. 17450. 
0. 17345 > 
10.17292} 7 
9.17237 
10517183 


Vi. 
654568321 
53555083.) 


74662 9, 91000 9.82762 
74599[2,9: 883 
1433 9374737]3-91 


: The four frit columns contains the Nat „„ 
nber 


82871. 0. 17128 5 ; 


A Table of Natural and 


31 Degrees. - 
Log. fi. . Log.T S 1 -Þ 
9 4774.891048 9,2926 10,17074 |, 


NT | 


115594 8288 5740 1 2401 


35599 28567571, 479 9,7481209, 91831 [9,82980] 10,1 0195 
515692 282 6765. 478 [9.74849 [9,91314 [9,839 :5|{10,16965 55 


2785774 11,476 9,4887 9,9797 (9, 8 3089 10, 1691 5 53 
4.56. 325578347 [2.74929 |9,9173019,83143{10.16856 þ; 
| pt 5618 ru (6791 1»472 9,4961 [9,91 703 9-2 3198 10,16801 
| 011,47019-74998 9,9740 < 83252010, 16747 
70 1,468 9, 75035 9,1729 [9,83 30510. 16693 
Til 1,466 9,75972| Ji 7H I 10, 6638 | 
[1405 9.78100 9,9: 694 1933415 10-1658. 
12463|3,75 14 >| 991677 [9-53409[10-16530 |3 
t,46r[9,75183 9.91660 9,8352310, 16470 
1,459 9.75220 9.91642 9.8 35780. 16422 [35] 
1,457 |9-75257 9.91625 9.336321 10.1636) 14 
3| 1,455 9.752949, 01608 0, 8 3685 10. 16313 BU 
1,45 1,7533 19,91 590 285 10. 162 9 f 
88 t+452/9-75367 [9.91573 [9 83794 [10,16205 | 
1,4075404 9.91555 0,8388 [10.1615 
1,4487844. 9.91539 9.839 10. 16097 
9.9152 22.2 83966 10. 16043 21 


975514 [9,91 509, 84010 0.15989 ft 
[75559 9.24486 0.81064 [10,15935 [17k 
„4.75587 [9,91468|3,84118 0.15881 | 
11,43913-75623 [9,91 451]9,84172 [10-15827 l 
+} 437 [9-75660[9.91433|9,84226 fro, 15773 fl 
'\' ,13519,75696|9,91415|9,84280ſ 0,157 19] 
12434 [3,757 22] 9,91 39816,8433+þ 915065 | 
1.432, 767689, 91 380.9, 84388 [0.15621 
. 430%7 5804 | 9991 393[9.84442 0, 15858 
15429475941 | 9:91 343|y»34495 | — i 


—— —— 


—— 
ö 


| N. T. * | Log, fi. | 
55 Degrees 


. tang, M 


„** Alſo, under N. T. you have the natural 
tangent, under Log. 8. you have log. ine, and under Log, tan. you 
9 an eat of the degres and minutes dt 


' Example 1ft. Idefire to findthe Natural Natur Tangent 
le — - 


—_— 
— 
: ꝗ— — 


Look 


1583 


55,5806 


. 8122 77 

358378119719 
$45 58428115198 

$7 5847811202 f 
$9 5856 8109 ½%7216 1. 
51 58568105 [7225 | 
33 5801 8102 


9.91238 
95971221 
9.91203 
991185 
9,9: 1 

3.91149 


9,91 131 


991113 
9591095 
9591077 


31991059 
89, 91041 


9291023 
9,91005 


222.7 


94255 9.84710 
9.91256 


9.85460 
9.85513 
9.85 567 
9, 85620 
9.35073 
955727 
9.8: 750] 


985 833 


9,8 5886 


9.85940 
925993 | 


110,15450 


10. 15395 
10,7342 


10. 18235 
10,1518 i 


10,15128 
10,15974] 
| ©,15028 | 
67 | | 0. 14067 
10.1493 
10, 14860 
0. 14806 
10,1473 
1114892 
3110414646 
85.174593 
10,1459 
10.144836 


10, 18289 


1014379 
10. 14326 
814273 
10, 14219 
10, 14165 
19.24173 


10, 14050 


— = 


- - 
— 


— — — 


1 
LSE | 
* "vn 4 
=. 
* 4 
+ 3 \ 
34 
: 
0 
8 
e 
1 
A 
: , 
- 


— —[— ' 


A lb of Natural and 


30 Degrees. 


1 53 


— 


« 1250 


73 5 
1 5527 
15332 
774 
| 2732 
21327 


5 
777659 

5.77693 
77727 


[377761 
2.57 7795 
9. 7325 
577862 
7 „7789 
97 7929 


N, T. | 
— 


, 


— 


9.709 7 | 
1937319979973 
+572 9 77015 
h +3170 9.77012 
1.358 9,7777 
5307 9,7711423. 
4,365, 977 47 
1, 303 9577181 
1.362 9.7713 

977250 


t.3+5'957728 . 
2337 977319 
I 19355 9.77363 
1.353 9.77387 
1,529.77 +21 [999527 [86 
IND 9777455 
1,328 9.77439 
1,347 »7"523| 
1345177555 [9532452 
to +51)» 77 5230 
ly, +4} 
+ - 340] 
39 


9.90768 


7. 873. 


9.575 
9, 0057 
„9 538 


9. 200 


9 90545 


9899505 
7.99489 
| TLITAS 


119-30 95 
3.92377 
9795355 
9.033 

92020 
9,9 %/01 
9,0282 
9, 9020 


— — 


11-397 80 


» J07 (2 


Jy 205 
| ——— 


9.90533 
| 9.90554 


921 
— 
25. 041 


5898 5: $2 


9,3031 
49.5018 


998052 
„386577 


925029 
9.058. 2000 4 


9.04 
5869. 


| 3 >7000 
9.87062 
3.8105 

87723 


577. 6.4 
1,87 20 
37 31 5 
9.87300 
9. 87422 
7 1 +7- 
6,8752" 
Ld 57 
870 


9,992 14| #76: 


W'_ 1s 


53 Degrees 


. — 


10613155 


394 po.» 320g 


9.1305 


10,3547 (*< 
| 180205 10,43794 |: 
790. 49, 586255 10.137 of 


10, 3082 


9,85 66110, 36 35 


10,3581 


9.567 | 1 0,4 3520 


190. 347514 


1515 22 


10.1347 


10.1351 


10,1 3204 


10.1 21 


A 299 
\ 2-4 2947 


— 


0 27 15 


3159 


. 225 
9.12472 
9.12420 
512367 | 
142114 


19.722894 


10.128721 
—— 


„0,2730 
1.12683 
3.12630 


Exanple 2 eres ue Si, . 


Tangent of 77, 39. 


Find 77 
column on the ri 
Natural Sine at 


and 


We, lands 9 which inthe N. 5. ,, 
and above Natural eee e 4.567 the N. T. requi 


Degrees CTC table, and: 9 mie. on dhe ft 


t hand fide of the it, and above 


5 


. 
* 
— — — 


7763159 rf 
2 $00 i/ 904 


79,2 12 


: x69, Jn / Dy 4} x0y0 90 [25 © 140 
15397 7, 255 
152.0 227 274 
— . — 


750970 | 


7 
2 29 


051 40 
0.12054 
2119799 


— & * 11 
3 1 2118574 


ot 1844 
1222 


1 5175 


10,1165 
021 103 
1291500 
10711548 [5 


111⁰ο⁰775 þ- 


1114.3 
10511371. 


300110, 1318 


76 85 925 tO be 


— 
963 

2 420 

9.89 


n 


Log. 


7-3 19.114ʃ4 
e 7 10. 11163 
739 
439 9210. 11057 


5211110 


0, 1100 
Ve. . 09 3 


10. 1050. 
«VU. 10847 


. 9. 1077 


9.20745 


* 


againſt 39, above Log: fine at the bottom, ſtands 9, 98963 
required ; and above 77 degrees, and againſt 
Tangent at bottom, ttands 10,05965 the 
Of 37 , 39 as was required. 
muſt fad the 


— 


you Fele for is not in the table, y 
Nat. unc, Nat. tan, ent, Log. fine anu Log, tangent of the 


$4440; 0 
10.121575 


4 


ꝓ — — 


[ 
11 
* 
* 
1 
1 
VF 
+ 
#4 
'* 
if 
4 


nas. fi. 


3 —— * 8 


——— 


— 


—_ | - —_ — — v — my 
"ID > 8 oat. — m 
- . * * — 5 
1 — 6 * 
= 8 — 8 — — 


4Table of Natural and 


* 


— — 
ONT. TD, Lg 8. Log, T. : -— LIN 


787417826 [1,277 \9,78982 
78717836, 76 '9,79014 
7867 [7845 [1.274 9.79047 
7863078551, 273 9.79079 
78508641. 271 9.79111 
7850 — 1,270 9,791 43 
785378831, 208 9,791 75 
784978921, 26 9,79207 
734517902 9.292 
7842 
78 38 792101, 262 
78359301, 200 


957903 


7887 7949[1,257 
7968 1,254 (9979462 
1,253 
1,251 


I 


9 


79335 
78317940 12560 

9.79399 9,8936 
1, 256%, 79430 9,89 


894849972 
9.9464 8925 
511,203 9.7927 19,8444 9.8922) 


9.8942. 9.39075 


Example 3d. 


Required the Natural 
Log. fine, and Log tangent of 13.18. 


7818 [7817 ff, 27909, 78950 9, 890 ,; 9,8930) 10, 100935 
89523 9.39359 10.1041 
39503 9.89411 10, 10588 5 
9,89584 9,8943] 10. 105 5 


10. 1044 [51 
10, 10432 [49] _ 
10. 10380 [4 
10, 10328 [45 
10, 10276 [+3] 
10,10224 [41 
10, 10173 

10, 10121 [3 
10, 1co69 [35] 
10, 10017 | 


next minute, above the minute you ſeek for, and alſo, for the next below 
it, and add theſe two fines together, and half the fum is Natural fine, 
Nat. Tangent, Log. fine, op Log. tangent, which ever you ſeek for, 


fine, and Natural Tangent, 


Find | 


53497725 [8218 
536477218228 


1,2320, 79933 
9.79955 


5799 


1,228 0, 8o027 


9.80519 
8.80549 


9.89040 
389019 
9588999 
9.88957 9.91069 


9.88937 


9,88916 


9.888 


9.88875 
288854 


96 | 9,9: 224| 
9.91275 


9.91017 


Y,9112C' 
9.91172 


9-91 327 
9,94 378 
9,91.430 
9-91 481 
9-91533 
$91 584 


9,9636. 
9,91687 | K 


9.91739 


| 


10.0805 5 


10.077 47 
1 9.07695 


1714 


10, 8003 |15 
10, 07952 
10, 07901 
0.07849 
i [10,0 7798 


1 | 


[1 


10, 7644 | 


nn. 


35434/054845 
5643976508415. 


1,175 9.8115 


1,179 9,8 1051,88 
15178 9581091 
1,177 9,811219,88201 


9,88222 


9,88 179 


,119,07336 


——_ 


. 


0593 
10. 7541 
19.07490 
10,07439 
10.07 387 


10.07 285 
10,07 234 
10, 07182 
10,0713 


1,174 9,811809,88 158 0, 0978 [ze 
1,172 0,8121 9,331 36 10, 6926 33 
| 1,172 [9,81239|[3»38115 10,00875 [41 
| 1,170 , 8 1 269) 88093 |: 10, 0824 |. 
1,168 9, 812980, 880) 20 1 1,00773 
| 1,167 581320 9538050 10,0722 204 
1,466 $1 357|3>88028 9,93 3428|10,0007 1 23 
1,164 9.81387 98800 N. 10.5020 [21] 
1, 102, 8141009,87985 10.6568 [7c 
1,161), 1440/9,87963 9, 93482 19-005 17 |, 
1,1600, 81475, ,87942 P, 9353310, 0465 
1159,81 5049.879420 f. 93584010, 06415013 
1.157.153 ;[3-87398 0.06364 
1,156 9, 8 156309, 87870 10.0313 
1,155 9.81 59200,878 549,937) 10, o5a62 
1,1539, 816219, 878 32 9,9378810. 062111 
1,152 9.8 165009, 878 10 9.938 3910. 06160 ; 
8167187789 9.93890 10. 051091 
| N. T. 2 Log: tang. M 
49 Degrees. of 
N.S. N.T. Log. S. Log. tan. 
12,17 8 2127 2117 9.32786 9933792 
12,1918 2133 2183 9, 32902 9533913 
4260 4300 18,65688 18,67795 
N. S. 2130 N. T. 2150 Log. S. 9,32844 Log. T. 9,33897 


— 8, 
697 1,149; 9.8708 9987707 9.93941 
$708 [1,145 9.81737 9.87745 93992 
8718 [1,146 9,8 1766 9.87723 97594043 
8728 fi. 145 9.81795 9.87791 9,9409 
3738 [1,144 9.815249,87678 9,94 145 
740.142 9,8185 39,7656 9,9496 


87601, 140 9,8191119, 87612 9,94299 
3780 f, 138 9,31940[9,87<9019-94 34: 
829137 9.31965| 1,3 7508 [3,2440c 
F800|1-1 36 9981997 [9,875.45 [394451 
881 1,135 9,8202603, 873230.94502 


884201, 309, 821129,874569,94655 
98521, 129,821409, 87434/9947 
3]E 5327, 8315562[1,128 (9,32169[9,874 1219494757 
3510637 7479/88731, 126 2192 9.8738909.748 
7/6641 (7476 33831, 125 [9.32220] 9,87 367 9. 
966451747 2[3594[1,124[+8225;| 9 8734419. 


110650 7468] 3904 1,123 L485 9, 73220. 
36665, 464914 e 9587299 9 
456658 54608925, 1200,82339 | 9.87277 9,9506 
7456 5935 1,119|9,82368 | 9.87 254 
7452[3946[1,117 [9.82 3959.872329 
74488956. 1169, 824249, 87 209 
7445 8967 1,115 0.82452 xe 
74416977. 1139. 82480 
$2509] 9911 18 
982537 9,87 107 


52 3759 1.141 9,8188209, 8634 9,94247 


8821,32 9,8255 9.87501 o, 94553 
3831[1,132|9,8208 3 | 9,87 474 9,9604 


10, 5956 


10. 05905 
10, 5854 
10, 580 


10.057252 
10,5701 
10, 056560 


10,2559 4 


10,05 548 


10, 5497 


10, 0446 
10,05395 


10,05 344 [3 


[0,052QJ | 


10,05242 
10.05191 


10,05 141 


10. ooo 


10. 05039 
10. 04988 


10, 04937 


þ 


Hence the Natural Sine of _ is 2130, its Natural T 


E 2150, is Lag, 8. 13-9,32897, Log. Tangent 9.33897, as was 


1 . Log. tangent of 21,0. 


2 fine aad tangent, and Log. fine and 


and below and take half their ſum as in the laſt example, 


4th; Required the Natural Sine, natural Tangent, Log. 
tangent, above 
N. S. 


444 | 4 Table of Natural and 


9.870969, 95469. 10-044 30 
9587073 955 — 10, 04480 [5 


een oh» 
1,100 9,8269 : 
| 91071017413 [9051 fi,104\y,82677 3,8 004 55 10, 4327 51 
1710715 % 410 9052 1, 103 9,82704 9,8598 1 9,9572310, 04270 
135719406 9021, 102 9.82732 9,8695 89.957310, 4226 f- 
402 908, i+100/9,82700| 30930 9,9582410, 04175 

90931, 099 9,827 88 9.86913 9,9587510, 01 2. 
073217394 22 2 [9,32816| 953659: [9,95926|10,04073 | 
I 167 30 7390 gi15|t,oy7 93 439.5007 (0, 959760 04023 
674917356 9125,95 9.82871 | 9.80844 [9,90027 10, 0397 
. 1,094 %, 359 9,868 20 9.90078 10. 0392 
1,093 9.8 2926980797 9,901 29, 10,03870 | 
12091 19,8295 4 9+80774[9,96179|10-03520 
1.090 9.32982 9-575 [9.96230 [10.0376y 
ee 9.95281 [10.037 18 


1.00909, 53509 
* ee 


T5 2.9 (299433 


10,3313 
0, 03202 
0.03211 
8.0. o3 161 
9 0, o3110 
bl 0, 03059 


7323 3297 | 
73199308 
73159319 


N.8, S 8 = | 
, 20 ,59 is 35 3835 9.55399 
N. 8, 21 Ol is 3586 3841 9.55485 
N., 21 ,00 7166 7676 19, 10864 


2 
—_— Sine is #- Natural ys 2h 3838, 


9.95432, Log. Tangent 9,5 3417, as required, 


„95990 10. 03009 
9, 7041 10, 2955 
N 9.909 0.02907 

9.97142 10, 857 
$19-y7193,16,02806 |; 
| | | 9,97 244|10,02755 | 

1316847 |:287 [9396]: ,064 19,8355 [9.86259 9.97291 r 
1 5 6851 7283 94071, 053 9, 835809, 86235 [9,97 3450, 265: 
1708567 279 9418] ,091 %, 83607 | 9,8621 1 [9,97 399 | 10,0260. 
[19]£560|7275 9426 9,* 3634 |9,86187[9,97 146/10,0ag5 7 
[21] 50; 7271 94400, 99,8 3501 | 9.86163 3,97 497 [19-02502 
2200808 [7267 9451 1586 [3.83687 9.86140 9,9754710, 2452 
428008727263 54621 056 9, 8 3714 9,867 16 9.97 9810. 02401 
(2719577 [72 v[ 1473/1055 j0,83741 9,86092 9, 76910. oa 350 
2916851 [-235|. 140 t,05 1 9.8 2767 9.56068 9, 9699 0.02275 
53,8379 4 850 49,97 500. 02249 
061 922 9, 85020 %, 97800 [10,02199 
1, 50 9.83847 [9.35996 [3.9785 1 r [10.02148 |; 
POR 35,8 1874 9,8 5972 2 97902 10. 02097 }2 
9:39 1,548 [1.3 3900 335348 9.77932 [10.02047 , 


| 554]1,545 [3.8395 3 [9-85899[2,93053 [19,0194 [17 
9572] 1,044 »83950 [9-85875 [3-33 104 10, 01895. Ji 


ag .042[9,34032 |9,35827 0, 98205 [10-01794 [11 


1 22940[9,34059 
[1,039 [3,34085 
1,0;8 [9,38411i|4>*5754| 59835 9.01632 


985705 584 $1'0,0154L| if 


. - By ag. & fl. | 2 K. tang, 
2 Required to nd the natural Sine, and natural Tin. 
gent, Log, ach. eagatecrd 


Find their Natural nd Lonnie ties cad Tring for the next 
WW ne xt pa e. 


4B 2 N. 8. 


„7, 83927 9, 8592; 6.0500; 10, 1990 j19] 


| 1,043 9.54005 | 9,858; 1 19,981 55 [0.01845 [13 


9.35802 | 5.982560. 017431 gf 
9.95778 9,9830 [10-01693] 7}. 


4s 3,98;0-| 0.01592] 3 


„5 254 
= 


IT 


„ %K K mp nas 


4 Table of Natural, Gt. 


44 Degrees. 


— {RE 


031 9,260 


oa 9, 84320 
1,027 9.81 46 
1,026 9.84 272 
[1,025 [9.8.1 395 
0,024 9.34724 
102 9,8, 4500 
1,021 9,844) 
1020 9,8450 
1,09 9,84527 
1,018 9.84583 
15017 9.34579 
01 5%, 8400. 
2540 MO 


— 


2 [1,034 9.84190 9.85081 9,850, 
11.033 9.84216 „8.050 9,5 855 
| +232'9,84242 9.632 % 01 


5,0 30 9.8429; [385553 9,9711 


Loy, 


9,856 7 Yau: b66c] 


9.85555 5798761 
3.85534 288835 
9855 9,9880 

7 AT. GE 

yy - 27 00%. 55 


9,8545 
275396410 
9,35; 8 
9.85 51 7 ; 
"5330 932 
9.5531 

9,8 5286 


19.014405 


98.65 


1860 


10, 03855 
10.0135 5 
10.0280 

10, 01238 49 
10 01157 47 
2110,0t 137 5 


3) 10,01086 |, 


3.85262 
9.55237 Ka? 
9 85212 


8 9.85137 [9,9902 


7585187 9.5957. I 
3,85 162 9.9957 


63] 10-005 30 [a1 


10,00480 fl 
o, oo 29 l 
1c, oo 379 If 


10, oo 328 1 


10, 0277 1 
o- oοe ; ( 
10, 0176 
10.00 126 5 
10.000753 
4 10,00025 I | 
| | Log, tang, M 
45 Degrees — ——__— — 9 
N. s. 54 ,27 is 8136 9.91% 240%1493 
8. 54 229 15 8139 1,401 9.91059 vey 
16275 2,800 19, 82100 20, 29239 
By 37 1,400 | 991080 10, 14619 


Hence the Natural Sine of 54 , 28 is 8137, its Natural Tangent 
1s 1, 400, Its Log. 8. 13 9,81050, Log. Tangent 10,14619, as was 


A TABLE 


A TABLE of the Angles which every Rumb or 


Pcint of the Compaſs, makes with the Meridian. 


N. by E. 


S. by E. 


"Nonk T Soak [ T. 5. MT Nord 7 South 
| mz 
| } I 
3 
S 


APPENDIX; 


Wherein is ſprun how to work all the Cafes in Navi- 
gation, by the Pen Aria biei ical, Y. without Bocks, 
Tables or — 


The GENERAL. RULES of this Mu 7:00. 


. 


N Order to a a right — its of this method of Trige | 
L ſhall crate to the uſual method; an ſhall, for 1 
he'p bo penn memory, lay down fundamental rules or axioms, upon 
which the wh le operation cepent!s, and by witch ali the cafes in ir 
Trigonometry, both right and cblique may be folved,  withpur ee 
table, or inſtrument whatſoever. 


Bur before I come to he axioms, 1 hell premiſe that when æver n 
five an4 an angle 1 ty Hod another fide (which is the firf, and 
meſt uſeful 2 in — ) here muit be a number found, which 
is called the natural Radius, not only 
whence the ſolutons are deduced; but alf. becauſe dige fi found, it 

uceth the fame anfwer as ir. na · ural number; cat the Radius ar 

ne of oo . at Gs- And this natural Radius 4 
is thus tound. "TY N 8 a 


Meth: he Fit 


nnn, ß _ 
divide” four'tine? the ſquare of its cmplement to go a Gag 300 
added to tiree times the ſaid complement, and then the que tie nt added 
te the ſaid angle, is the natural Radius required 3 and this Rule is 
unive. ſally Unc in all aagles from 0 to 90. F 


LY 


ee 


n is che original, fem 1 
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Method the Second, 


But breauſe | in the angles under 45, the complements ae ahove 4 45 
and their ſquares amount to greater numbers than che ſquares. of the 


complemen 


and the contrivance as uieſul as 


„1 fhail hew ar ther 


neral rules is, 


DiviJe three times the ſquare of the angle (whoſe oppoſite fide is 
given or fought) by 1000, aud to the quotient add 57.3, that is 87 


d 3 tenths, the ſum is the natural Radius | This being 
ptoduled the rules are thee. | | | 
Rule :&. In right angled Triangles, Sapprſe an abgle and > ide be 

nn 
The Natural Radius bears a the fra ion to the hy- 


uſe that the angle by Which the Natural Rad us was found, 
© in oppor eee . ages and Dypohewne bY 
given; it is, As Natural Radius, to the hypothenuſe, fo is the angle, 
t its oppokie fide 3 bur if the aagle and 3 leg be giver, chen it is, As 
angle is to its oppoſite ſide, 255, 


8 angled triangles the two fides given, to find a 


The is equal in wer to two legs | thee in, the ages 
of the hy pothe nuſe — we 
of which {ce more further on. 


Rule 3d. In right angled triangles the ky eee un ge 


to find the other leg. 


Multiply the fum of the hypothenuſe and the given le by their 
Dr 


„a angle. 


Add half the longer leg »» the hovers, Then, As that form 


be. 80 isthe ſh. cer leg, To its oppotie angle. 


Three des being given t find where the perpendicular mult £ 
| Multiply the ſum of the two ſhorteſt fides by their difference, and 
| dividg 


4% -; 


7 


ts of the angles above 45, therefore to render the work as 
way to find the natural Radius, for all a+ gles ug. And the ge. 


ug of the lquares of the we le 


| Rule 4th. ie angled wianges, thre fide ding ve, 0 in | 
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divide the product by the third fide, which 1s the gr ateſt, and upon 
wiuch the perpen.' ticular is to fall, the qu t ent added to the greaer 
f$4e, or fubſtacted fr.-m it, ſu l be double the greater or lefler ſeg· 
meuts on each ude uf the per, endicular. 


Rule zd. Add the ſquares of the biggeſt and leaſt ſides . 
and rom their ſuin, ſubſtract the ſquare of the middl. moſt; half the 
remainder divided by he giea eſt ſiq, the qu tient is the Jeſſe ſ-p. 
ment, which ſubtractt d from the whole baſe leaves the greater ſegment, 


Plain Sauliag by this Method. 


I ſhall now proceed to ſome examples in richt angled triangles, ap- 
plied to plain tailing ; and here note, that to avor” fractions, | ſhall 
pt p the giv n angle alw ys in 4c -recs, that being ſufficient y ex, 
act vi all caſes in Navigation; and 2 far more exact way than reckon. 
iug by points; one degree being a much imal'er part „t a great eirele 
then a quarter of a point of the compais; Ani I thall mak: uſe of 
degrees rather ban quarter points, not on'y for its exactneſs. bur alſo 
becauſe it is a method much in uſt ab arif the Men of War, to 
| reckon the courſe in degrees and not in points and quarter points. 


Caſey. The ccurſe and diſtance given, to find the difference of 


Example. Suppoſe a ſhip ſails S. E. by S. 207 miles; I demand 
her difterence of latitude and departure. | 
S. E. by 8. equal 33 ,75 in Deg. | Then, as natural Radius 60,7, 
2 courie 33 75 | Is tothe 1, 255, So is 8. cour. 
375 to the dep. 33,75 
16875 | 207 
23623 | | 
10125 1 22625 5 
10125 = 67500 
| | | | 
5q. ang. 11300425 | 60.7,6436,25(115 miles, 
| 3 | 607% | thedepar. 
2 3..17,1575 divide | 926 
y 1© © gives 17 | | & 7 
To which add 8), 
a | | 30 2 
Sum is 60% the | 305 
Natural Radius 5 
= . 375 


Then 
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Then to find the difference of Laiitude, 

Digance 207 | Product 2952401 miles = 
Departure 19 +: ol X of lat 
Sum 322 = 2)196 
Þiutcrepce 92 | 189 

8 % $$} 00 
2898 | 704 
Product 290207 : m. 20 


Caſe 24. The courſe and difference of latitude being given to find 


the di. 2uce an departure. 


Suppoſe a {h#:; in Jaticad- 18 ,3- N. fails N W half W. or north 
52 . 8 WW, | Aar. by 56 n Mis ihe 41S 11 walitud 53 5 7 N. 1 de- 
ma ber diſtauce and ac partue. . 


In thi example, the ſi le oppe ſite to the loſſeſ ar g's is given, there» 


fore we w 1K by che Cod gene, Racnt it ng ch natura Radius ; 


a> te ang vppniie ty he given ie is under 45 degrees. 


Laritude 83 „9 | | | 
L-titu le 48 30 | Great angle go ,3$ 
— Lieſſer angle 39 »22 

60 X by 5 ,iy | 


iu Decimals 50,63 and 39,6 
To find tie DiRance, As the 


X of Latitude 349 


29 34 | lefier angle, Is to tne oppo 
39 »4 | fre 42 * Jo I 4 — 
Kauius 2 To the Di ance. 
1876 JN | 
3546 4:30: 6a 
1182 | 02. 
3 * by 2, 6 678 
3 1914 


— . — 
—— — 


2 


VIZ. 
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| Tofinddepar. or diE of kl. 
150243(357,6 The depar- 
J ture required. 


Example 2d Suppoie a ſhip in laritule co „%% N. fails s. u. bys, 
1 quarter E. until by bfervadon, ſhe is in Latitude 48 ,;o N. I de- 
Gre to know hat is her dutance and departure 


L-. citude 50, 9 


| Lautude 45 520 


2 „6 
Eo Here he fle 2 to che youre 
— angle is given, then it is moſt 2 
Diff. of Lat. 139 uſe the firit General Rule, To find the na- 
j | tural Radius, * 
6 | | 3 | 
36 ,:6 36 ,-6 The greater C. added to 
— — 3 2 tient gives 66, 9 
N — To find the departure or 
200 An 
23x — — | _ Difference of meridion. 
— 408)8356.5 13 
13.663 6 53 % Diftance 173 
4 — äüff. ot lat. 139 8 
66, 49 th 5 
| 560,8 L 32 
$3509,5244 Differ « 
| | 12.8 
As che greater Angle 52,3 35 
Is to its oppꝰfite ſide 39 | _ 
Sao is Natural Radius 66,49 | ese 
Ta the 2 | 


The A PP EN PDIX. 443 
Caſe 3d. The Courſe an. l departure being giver, to find the d- 
taace and difference of la. itude. 
Example. Suppcſe a ſhip in Latitude 21 ,19 N. fails x. w. by x. 
half w. making her Departure 188 miles; Required t 7 c.ttaace run, 
and difference of Lttude and the latitude the is come to ? 


Here the departure bein; the ſhorter Leg, is given, therefore we 
ſhall find the natural Radius by the ſecond gen- zal ule. ? 


N. W. by N. half W. equal 39,22 in D cimals equal 39, 6 


39+35 Io find the Didance, fay, 
— Ass. giv-nangle in decimal 
226.6 Is to the g ven de parrare, 
11908 So is Natura! Radius 
35 24 ro the dinance 
11801 89 ,36: 188: : 61 ,95 that is 
1,9; X 188 a 6 : 
1549206 | 3 536 whe 29, »1 mi. 
| 3 I the diſtance require“. 
T find the diff. Lat. 


46% 6288 this divide Diſtar ce 293 Sum 481 


— — by 1000 


Departure 188 Ditter. 10 

4.547 + = — 
$733 . 2405 
* N . | 48120 
61.4 = Natural Rad us or | Whoſe ſquare} — — 
64 ,9; will do. Ruots 221 J 50503 


| Anſwer, Diſt. 293,1 miles, Di, of latitude 224 miles as required, 


Caſe 4th, The diſtance and difference of Latitude being given to 
find the courſe and departure, 

Suppoſe a ſhip fails in the s w. quarter from the Latitude 30 „ N. 
making her diſtance 289 miles and then by obſcrvation is in Lat - 
tude 31 „% N. what courſe has ſhe ſteered, and what is her de partule. 
To find the Departure by the 3d Rule. 


Diftance 239 | 337920184 | Lattewie e 42 
Diff. of Lat. 223 I Latuude J 519 
$12] 20277 | 3 +43 
66 | 224 to 
hl Diff. of Lat. 243 
3072 Hence the Departure is . 8, m. near. 


33792 Ta 
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To find the Courſe. 


The dͤiſtance 289 1 154 X 80 
Halt longer Leg. 111 9 8 40 
1 FRO 

400 = 3) — = 39,33 or s. w. 


Caſe ech. The Diſtance and 


11 0 


| by s. half W. QETI 


departure * ven to fnd the 


.. and d. fete. ice f attitude. 

. BYE S$15p e a chi in the latitode of 40 15 ails in the 
N, Me rter *1, mes, ant, ner de tue renten i 77 * es. 
Lite to know the courie ihe has ſt ercd and Lanta. he 15 
come 0? 


To 6» ad che d' Terence of lati- | To fn PS Courſe by the laſt 


rf I he tir. ule, queit: ns method, 

g D Unbe 315 Liac: 115 
D-parioce 27 Ba F ike departure 35 8 
Sum 592 ume is 3 

Liſtcrence 3 Tien 18 487,5 86 Yo is 


Lat. dep $0 JN. 47 29 


the ifo rencæ of latitude (6 ag 
th Merteu ) ou ppotite 


* o. Lat. 2 30 17 Inge, the c anpiement uf e 
43.4: ⏑ . ö 
| | | RE | | 155 * 

WEED... „Aer 453.5: 86 150: 7 85 
28) 124 required. } «qua! 28,25 and 90.0 — 

94 28 ,26 equal 61 ,34 the courſe 
— Anſwer, | | 

298) 2396 C⸗aurſe N 61 ,34 Eafterly, or 
2601 N E. by E. halr E. — 

— Difference of Lat, 150 miles 
_ 29500 Latitude come to 42 ,45N. 


Late Sth. The Difference of latitude and POE bein given, 
0 find the courie and dutance. e 


8 


a ſnip in Latte 80 „ N fails in th S. W. quarter, 
until her difference of | tity 
I demand the courſe aud 3 


be 22 me, an eparture 108 mules; 
and — come to. | 


Fg: 
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For the Diſtance by Rule 2d 
220 * 220 equal 4+ 400 equal Sq, diff. of T atitude. 
108 Xx 108 equal 166, equal Sq. departure. Ecnce 
the diſtance is 245 } 


Their ſum is 6oc64 | ] 
Dittarce 245 | For the courſe b; Rule 4th. 
Hait x of Lat, 180 108 x 86 


355 : 86:. 108 :: 


| 355 
Sum 355 | equal 26 ,cg the courſe 


Section 2d, How to find the difference of longitude and keep a 
reck · rirg both in Latitude anc Loygitude by this metked of Trigo- 
nome try, as applied to Navigation, without the Þ+<Ip of ary tables 
or inſtruments v.hatſcever, according to middle latituce, which is of 
ſnfficient exactneſs fur the working of a day's run, and fo wil. be of 
great uſe in navigation. 


The young Navigator will pleaſe to remember, that in middle La- 
titude railing Trigcncmetrical, there is a pre purtic n for finding the 
difference ot Longitude, wich is, As tine (mp of middle latitude, 
Is to the depa tore, de i: Racius, Tc tre 6fierenice fin; itude. And 


therefore, in middle latitude failing Gecmerrc: „I bave their pre- 
fe a method for pi ject' ng m dd Jarnuce tailir g, which s Ey con- 


ſtruct ng a right arglec plain triangle, whe fe angle at the baſe 15 equal 


to the complement of the n1ccle tic. anc the perpendiculai is 


equal te the departure, anc her by the knewr propernens of « ppckte 
ſide s, aud oppoſi te angles, it f eus het the þy pothenuſt m. uſt needs 
repreſent th. oificcenc: ct i Doituce 5 Which be rg gter gc, there 1s 
no more t- de fir fing the diffe ce cf Li ngiruce, but oniy the 
foluci'n of the fu'o iight angled triangle et the ſeveral varietiv, of 
which you have be a wfticicn; int ar ces fo the ff 2 cf plan ſail- 
ins beforegoing, u heile 21) two parte being given, the other tee re 
eafily found MNeverti:eleis, that nothing may br wanting for the Na- 
vigators inftruQticn, I ſha'; ar ce in i nequeſtion tor exun. ple abe, 


which I 114i) firi. work by this new methed, and ſhall ther by the 


method of thay in mid. lat ſgilirę riger, netical, and lafl y fall 
work the ſan. by N ere: ton, c fhew the Reader the ivflicicrcy and 
exactneis of this nicit uf. tui invenu n. 


Queſtion, A ſhip in Latitude 58 , 56 N. fails ©. 51 „c wefcriy, 


280 wiles;z I defi i fro her la ue GT Wy and key ile her Ce- 
re and dificicncs Ut Lngitude. 


Open 


2 — — — — 
- - * 
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: 81,19 or 51,31 Degrees and Decimals 
Operation. 28 = cr 18 '& 4 = _ 
56,8 x -6. BEL 4 $7.32: 61,79 N. Bedi 


31 %% 5 1 equal 212, 5 her Depa 
205 0 8 


And 618: 256: : 33.63: N = 160 the Xx of Latitude. 
6:):6c( 2,40 | 115, 2 | 
Sub. frem 58 ,5 — 57,36 | 
x T ind the Natural 
lat. come to 36, 6 c. Mu. Lat. 3224 Radius anſwering. 
115 12 | 


Com. Mid. Lv, 32,24= 2,4 1. find the Aifirence of ke 


. X22, x; | by middle Latitude. 
_— 1 200 + 438. C. M. L. 21 2.5 
57.3 equa! 68, the N. Radius. To the uff. of mer. 212,5 

So is Radius 90 ,o 


Then becauſe the hypothenuſe | To diff of Long. 396, 6 
dy 22 ng. . miles as required. | 

| \ Diſt. Here the diff. of langitade found 
e Liff-r of Long. viz. by this method is 396, . found 
* 2 5 212,8 601 dy middle latitude 590.6 the diff. 

2 36,4 the dif. — being inconfide.as 


dd 


Here it ev'dently open emo il perform the work of 
all the feveral kinds of ſailin , .nd alſo ro find the difference of longys 
. wile, os onmence 


